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EDITORIAL 


THE 14 articles on Faster Production of Wrought and Cast Metals abstracted from the American periodical, 


“ Metals and Alloys” and published in our last issue have found a welcome reception by a great proportion of 
our Readership. On the following pages we are publishing 22 articles on Fabrication and Treatment, while 15 
articles on Design and Material Selection, and 8 articles on Inspection and Testing will form a part of our 
January issue. Many of the suggestions can easily be applied within our production apparatus, and form a 
valuable contribution to achieving faster and greater production in vital war industries. 


FORGING OF SHELLS 
By F. G. SCHRANZ, Gen. Manager, Baldwin Southwark Div., The Baidwin Locomotive Works, Philadelphia. 





VaRIOUS improvements in methods and equip- 
ment in the forging of rifled-bore shells -are 
helping in speeding up production of shells. 

Less liberal tolerance on the shell forging 
allows saving of time in the machining operation. 

The inside cavity of the shell is now smooth 
forged to the finished shell dimension. The 
eccentricity allowance in the rough shell forging 
is very small. 


All of these close tolerances in the forging of 
shell. bodies accomplish a great saving in the 
weight of the rough forging, amounting to several 
millions of pounds of steel per one million of 
shells. 


The method of heating billets has been im- 
proved by furnaces of either the rotary type or 
the automatic feeder type, which will heat billets 
up to 6 tons per hr. to a temperature of 2100° F. 

Forging methods also have improved. Several 
high speed hydraulic press installations are now 
producing 250 to 300 shells per hr. of 75 mm. 


with two piercing presses and only one drawing 
press. High speed shell rolling mills are said 
also to produce 300 of such shells per hr., re- 
quiring automatic rotary type piercing presses, or 
several upsetters for one mill. 

Another hydraulic press using the one-shot 
method produces.a shell forging with one stroke 
of the press. Several types of mechanical 
presses are also used. The conventional horizon- 
tal forging machine or upsetting machine of 
several makes has been redesigned for high speed 
shell forging work, where a round bar in five 
stages with five strokes of the machine completes 
a forged shell body. Another type of mechanical 
shell forging machine makes the piercing and 
drawing operation with one stroke of the machine, 
thus producing as high as 200 forgings per hr. 
with a 125 h.p. motor. A mechanical bull- 
dozer such as used in forge shops has been con- 
verted into a shell forging machine which, with 
only 75 h.p., will produce 75 mm. shells up to 
120 per hr. 


DRAW-TOOLS OF CARBURIZING STEEL 


By L. J. WEBER, Metallurgist, Aluminum Cooking Utensil Co., New Kensington, Pa. 


PRELIMINARY tests on alloy carburizing steels 
reported two years ago, showed that they were 
entirely satisfactory for drawing aluminium, 
and further tests have corroborated these findings 
so that this type of steel is being used to a con- 


siderable extent in our plant at the present time. 
Even though we have not used these steels for 
drawing other metals it would seem that they 
should give satisfactory results in many applica- 
tions, where tool steel is now being used. 
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An outline for the operations in making the 
punch is given in Fig. 1 ; Fig. 2 gives the opera- 
tions for making a die. The carburizing steel, 
for example, S.A.E. 4615, is purchased either as 
plate or bar stock. The steel from the bar stock 
is machined to the proper dimensions while in 
the annealed condition. If plate stock is used 
the rough shape is obtained by flame cutting, 
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leaving only a small amount of stock for finish 
machining. 

The finish-machined parts are case carburized 
at 1750° F. to obtain a 1/32 in. case and allowed 
to cool to 1550-1600° F. Dies that require no 
further machining are then quenched in water. 

In the case of punches where some machining 
is required in the hub, the tool is plunged into 
the water only as far as the line A-A. This 
hardens the lower part of the punch, which is 
the surface that requires very high wear resist- 
ance, and leaves the hub soft enough to be ma- 
chined and threaded for the nipple used to 
attach the punch to the press. 

The hardened parts are tempered at 350° F. 
for 2 hrs., so as to obtain a surface hardness of 
Rockwell 58 to 62. For complicated shapes it 
may be necessary to oil-quench in order to avoid 
severe distortion. 

Even though S.A.E. 4615 has been used 
chiefly in our plant, other carburizing steels, 
such as 1015 and 3315, have also given satis- 
factery service in a number of applications. 
Our results show that the carburizing steels are 
suitable for many tools used in the deep drawing 
of metal sheet. A considerable saving in time 
and expense can be made by selecting applica- 
tions where the carburizing steels will give just as 
satisfactory service as tool steels. 


MACHINING — OLD MACHINES AND NEW MEN. 


By GeorGE T. TRUNDLE, Jr., 


A very large part of the production must be 
accomplished—as there are not enough new and 
modern. machine tools, nor enough skilled me- 
chanics available—on old machine tools operated 
by green hands. This means analyzing the 
performance possibilities of old machine tools, 
analyzing the jobs to be done, and giving the old 
machine tools the jobs which they can do in the 
light of their limitations. It may be possible to 
do a great deal of the work on a succession of 
older machine tools if the steps are broken down 
into the proper sequence of operations, and thus 
to release the new machine tools for the more 
accurate jobs. 

Now as to men—the situation is the same as 
it is with machines. We cannot afford to say, 
““ We can’t use untrained men because of their 
limitations.” It is, instead, our job to figure out 
how we can use untrained n men in spite of their 
limitations. 

A machine may be able to “te five things well, 
but that won’t help you with a green hand. 


President, The Trundle Engineering Co., 


Cleveland. 


Performance of a machine is limited by the 
understanding and skill of the operator. There- 
fore, operations must be broken down into a 
sequence of simple steps. 
then be trained to handle one of these steps. 
The point is that with volume production the 
net output that may be obtained by the above 
method may come very close to that which 
might be obtained with highly skilled men. 

To illustrate the principle involved—Suppose 
you have 4 identical turret lathes with 4 skilled 
operators performing, in succession, 4 operations 
on a given part to be produced on each lathe. 
This is fine if you have skilled operators. But 
suppose you have green hands. What do you 
do then ? You set up each lathe for a single 
operation. You teach the first green hand to do 
operation 1, the second green hand to do opera- 
tion 2, etc. You pass the work from the first 
machine to the second, to the third, and to the 
fourth. 

The net output, on this basis, is just as. large 


Each new man can 
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with 4 green hands who have learned only one 
operation as it would be with 4 trained hands 
who could do. 4 operations on each machine. 
In fact, output may eventually be larger, because 
there is no set-up time. Each machine remains 
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set up for a single operation. And it often 
happens that the most practical way to use an old 
machine is to pick out one particular job which 
that machine is capable of performing and keep 
it at that job all day long. 


MACHINING WITH CARBIDE TOOLS 
By JAMES R. LONGWELL, Chief Engineer, Carboloy Co., Ind., Detroit. 


THE performance of carbide tools can be greatly 
improved by taking into consideration the follow- 
ing factors. 


Carbide tools need a rigid support, and, there- 
fore, a different type of tool holder. They 
should be lined up to cut virtually on-centre. 
Tool overhang should be held to a minimum to 
prevent chatter and possible breakage. 


A vast reduction in machine down-time can 
be achieved by the employment of a simple 
device : quick-demountable tool holders. When 
these are used, tools can be ground and adjusted 
to cutting position in the tool room. ‘To change 
tools one tool holder is merely removed and a 
new one slipped in place. At most only a slight 
touch-up adjustment is needed—usually not 
even that—and the machine is running again. 
Where several tools are used on one machine, the 
saving in time mounts up. 


Again, it is possible to use carbide tools on 
most old machine tools without difficulties. To 
get the most out of such tools, though, machines 
should be carefully looked over and tightened up 
where excessive backlash exists, to eliminate 
chatter and vibration. 

Horsepower should be checked, for frequently 
itis found that the only reason machines are not 


. Iproducing more with carbide tools is that the 


motors with which they are equipped are too 
small to handle the load when carbide tools are 
wed at their full capacity. Not infrequently, 


this results in machines being run too slow, not 
only from a production standpoint, but also for 
good cutting efficiency. This is particularly 
true in steel cuttings, where cutting speeds with 
carbide tools should be high enough to prevent a 
“build-up ” on the cutting edge. Unless this 
is done, carbide tools cannot be expected to give 
their best performance. 

The proper employment of coolants is another 
big aid to improved performance with carbide 
tools. The fundamental principle required is 
that the coolant should be supplied copiously 
and at high velocity. Carbide tools by virtue of 
their faster cutting alone generate more heat. 
The coolant must carry «this off. Sometimes 
coolant piped through the tool holder, or directed 
at the work from below has helped to step up 
production. ‘ 

Proper care of carbide tools is another im- 
portant contribution ‘toward getting increased 
production. Carbide tools should never be run 
until they will no longer cut. Long before this, 
the cutting edge may have started to dull slightly, 
reducing cutting efficiency, increasing spoilage, 
etc. Tools should be periodically inspected for 
cutting condition, or removed for grinding at 
specified intervals. If dulled, they should be 
replaced and reground. Carbide tools can be 
ground at high rates of speed when correct 
grinding technique is employed, and tools are 
kept moving. They should never be dipped in 
water, etc., when hot. 


HIGH SPEED STEEL TOOLS 
By J. V. Emmons, Chief Metallurgist, Cleveland Twist Drill Co., Cleveland. 


MucH time and tool spoilage could be saved, 
particularly in small shops, by extending and in- 
tensifying steel inspection methods. This is 
particularly important now when new steels are 
the order of the day to many shops. Fortunately 
steel inspection can be combined with practice in 
hardening to work out the best procedure for 
hardening tools. 

All kinds of tool steel suffer varying amounts 
of surface decarburization or “bark” during 





manufacture in the tool steel mill. The depth of 
this on high speed steel can be determined by the 
soft skin on the original surface after hardening 
and tempering. The hardness can be determined 
by any available method. The tool-maker’s 
machining practice should be regulated to insure 
the removal of this “bark” before tools are 
hardened. Other defects sometimes found during 
the inspection are mixed steel, segregation, blow 
holes, slits or bursts, and surface seams. A study 
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of the grinding sparks is valuable in discovering 
and sorting mixed steels. 

A simple and trouble-saving way of deter- 
mining the best hardening practice for a new lot 
of high speed ste¢l is to cut a small disc from one 
of the purchased bars, give it to the hardener and 
have him harden it by the method and with the 
equipment to be used for the tools. Then make 
hardness and fracture tests and compare the hard- 
ness and fracture with those of a satisfactory used 
tool, and, also, if possible with bad tools. 

High speed tool blanks should be full-annealed 
at 1500 to 1550 deg. F., with very slow cooling. 
Tools should be protected against decarburization 
by packing in cast iron chips, in ashes containing 
some powdered charcoal, in powdered mica with 
5% charcoal, etc. The hardness of the ‘“ Mo- 
Max ” molybdenum-tungsten type after annealing 
will be 3-6 pts. Rockwell “ B” lower than that 
of 18-4-1, and the steel is slightly more machin- 
able in this condition. Any really good furnace 
which has been found satisfactory on high- 
tungsten steels, can be adapted to the moly steels 
with little if any modification. For high-produc- 
tion requirements, salt bath furnaces are ideal, but 
for small lots or occasional work other types of 
furnaces are likely to be more economical or even 
more time-saving. 

Controlled or prepared atmosphere furnaces, 
if the atmosphere is really controlled with respect 
to oxygen, water vapour and carbon dioxide, are 
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quite satisfactory for high speed steel treatment, 
Also, furnaces that depend on the gradual com- 
bustion of a carbonaceous muffle or charcoal block 
for their protective atmospheres are highly useful 
if care be taken to avoid excessive carburization 
of the work. 

There are at least two simple and effective 
methods of protecting high speed steels against 
decarburization when the furnace conditions are 
not the best. In one, a copper paint or similar 
coating is applied to those surfaces that must be 
protected. In the other, the salt bath effect is 
simulated by sprinkling the surface of the tool 
with powdered borax (silicon carbide hearths, 
however, must be protected by a steel plate, pre- 
ferably stainless, against the action of the molten 
borax). 

Quenching is done in oil or in a low tempera- 
ture salt bath as desired. For maximum tough- 
ness or to avoid warping intricate tools an air- 
blast may be used. Straightening if necessary 
should preferably be done before the tempering. 

Tempering is carried out the same as for 18- 
4-1. In tempering, some production time may be 
saved by recognizing that the double draw, while 
sometimes desirable, is not essential with high 
speed steels. On the other hand, time-saving 
should never be carried to the extreme of quench- 
ing from the tempering temperature—cooling 
from this temperature must be slow to bring out 
full secondary hardening. 


ATMOSPHERES FOR MOLYBDENUM HIGH SPEED TOOL STEELS 
By A. H. Kocu, Engineer, Surface Combustion Corp., Toledo, Ohio. 


OwI1nc to the limited amount of tungsten, molyb- 
denum is being mostly used at present, as primary 
alloying element for most high speed steels. 
Molybdenum as an alloying element materially 
increases the rate of decarburization of a high 
speed tool steel, when heated to high tempera- 
tures for hardening. 

Constant improvement in the art of heat 
treating tungsten high speed steels has brought 
about the use of gaseous atmospheres to reduce 
scaling and decarburization of the steel, while at 
high temperatures, to a minimum. This deve- 
lopment has reduced the necessity of the salt bath 
and the use of protective coatings, which are 
difficult and costly to remove from the surface 
after heat treatment. 

The increased tendency to decarburize, caused 
by the molybdenum in the steel, render gaseous 


atmospheres, which are satisfactory for tungsten 
high speed steels, entirely unfit for the moly high 
speed tool steels. The latter require a much more 
refined atmosphere than do the tungsten types of 
steel to prevent serious decarburization. The 
gaseous atmosphere for a moly high speed steel 
must be very high in carbon monoxide content 
with only a very small carbon dioxide content and 
be practically free of water vapour. Fortunately, 
within the last few years a simple, inexpensive 
means of generating such an atmosphere has been 
developed. It is done by passing air through a 
bed of heated, dried, and degasified charcoal. 
This development has made it possible for in- 
dustry to utilize moly high speed steel without 
having to revert to the older, cruder, more 
troublesome, and more costly methods of heat 
treatment. 








ONE 
duct 
failu 
caus 
cons 
by v 


plish 
the Fl 


over: 
tool 

the r 
of th 
durit 
of si 
prod 
prob. 
appli 





Tment, 

com- 
block 
useful 
zation 


fective 
gainst 
ns are 
similar 
ust be 
fect is 
e tool 
arths, 
>, pre- 
nolten 


apera- 
ough- 
Nn ait- 
essary 
ering. 
or 18- 
nay be 
while 
1 high 
saving 
1ench- 
ooling 
ig out 


ngsten 
y high 
1 more 
pes of 

The 
1 steel 
ontent 
nt and 
nately, 
ensive 
s been 
ugh a 
arcoal. 
or in- 
ithout 

more 
f heat 





THE ENGINEERS’ 


In a char-gas (generated from charcoal and 
air) atmosphere molybdenum high speed tool 
steels can be hardened as easily and with as satis- 
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factory results as can any other high speed tool 
steel by any other known method of heat 
treatment. 


REARMAMENT AND HEAT TREATMENT 
By E. G. DE CortoLis, Director of Research, Surface Combustion Corp., Toledo, O. 


SPEEDING up of production in plants now engaged 
in rearmament is best accomplished by adopting 
methods which have proven their merit in modern 
peace-time practice. In the field of heat treating, 
probably the one single item which has contri- 
buted the greatest advance is the specialized 
atmosphere furnace. 

The word “ specialized ” is used to emphasize 
the necessity for choosing equipment which is 
adapted to the specific requirement of a given 
operation. The atmosphere heat treating furnace 
is not universal, and if it is to fulfil its function 
in speeding up production, it should be selected 
for the job at hand. This can best be illustrated 
by analysing the requirements of a recently con- 
structed armament plant built especially for the 
production of mechanized ordnance. 

The part requiring heat treatment involved a 
miscellany of gears, shafts, pins, bushings, etc. 
Some had to be carburized, cooled, reheated, 
quenched and drawn. Others were of medium 
and high carbon steel. The quantities of each 
part were small but the total number and tonnage 
of all parts was appreciably large. The size, 


weight, and shape of the individual parts varied 
widely. 

To meet the conditions for carburizing, it was 
found that the best overall equipment would be 
represented by the radiant-tube batch gas car- 
burizing furnace. This involved new design of a 
type never heretofore constructed. Nevertheless, 
previous experience in the automotive field indi- 
cated the probable workability of the equipment 
which actual operation has since confirmed. 

Reheating of carburized parts as well as heat- 
ing for quenching of medium and high carbon 
parts called for non-scaling and non-decarburizing 
furnaces, atmospheres for which had been pre- 
viously developed. The handling of such a mis- 
cellany of parts presented, however, some difficult 
problems in the size and type of equipment. The 
final solution consisted in using a rotary hearth 
radiant-tube furnace for all parts that would be 
no longer than 30 in. and no higher than 5 in. 
The extra long and extra heavy shafts. and other 
pieces were reheated in a batch-type muffle fur- 
nace. Excellent results are being secured from 
both types of equipment. 


TOOL LIFE 
By O. V. GREENE, Assistant Metallurgist, Carpenter Steel Co., Reading, Pa. 


OnE of the secrets of faster production is the re- 
duction of time lost because of the premature 
failure of tools. In most cases, tool failures are 
caused by lack of attention to small details, and 
considerable improvement can be accomplished 
by very simple means. 

To illustrate this, here is what we accom- 
plished on a single press job by correctly analysing 
the tool problem. Upon drawing a bearing re- 
tainer of hot rolled steel, 4 in. thick, the die ran 
oversize after about 4000 pieces. The part and 
tool are shown in Fig. 1. The rated capacity of 
the press was 1250 pieces per hr., and replacement 
of the tool with a duplicate consumed one hour, 
during which the press was idle. It is a matter 
of simple arithmetic to determine the number of 
productive hours lost in a day. In solving this 
problem the ‘‘Good Tools Formula” was 
applied. This is :— 





Good Design x Good Tool Making x Good 
Tool Steel x Good Heat Treatment = GOOD 
TOOLS. 

The result was an increase in tool life from 

4,000 to 86,000 pieces per tool. This represents 
a decrease in press shot-down time of 42 working 
hours per month or a gain in production of 52,500 
pieces per month. 
“* Good Tool Design ” and “‘ Good Tool Making,” 
involve attention to mechanical details such as 
unbalanced sections, sharp keyways, etc. ‘“‘ Good 
Tool Steel ” means not only the finest quality, but 
a steel accurately selected for the application. 
And here are a couple of quick tips on “ Good 
Heat Treatment ” as applied to press tools : 

Scratching or loading are nearly always caysed 
by a soft skin or soft spots on a tool. A tool which 
has a glass-hard surface will certainly not score or 
pick up as readily as one with a soft surface. The 
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Fig. 1 


soft skin or decarburization can be prevented by 
using the correct furnace atmosphere. Most oil 
and water-hardening tools whose correct harden- 
ing temperature lies between 1425 and 1575 deg. 
F. should be heated in an oxidizing atmosphere. 
This atmosphere usually contains from 2 to 4% 
oxygen. There is a very simple test estimating 
this amount of oxygen in a furnace atmosphere. 
If a wood block, about ? in. sq. is placed in the 
furnace and observed through the peep-hole, and 
it burns with a flame which is about half blue and 
half yellow, the oxygen content of the furnace 
atmosphere is between 2 and 4%. The appearance 
of a wood block in such an atmosphere is shown in 
Fig. 2. Hardened from such an atmosphere, most 
water hardening and oil hardening tool steels will 
come from the quench fully hard right out to the 
surface. (If the wood smokes with no flame, or 
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Fig. 2 


if it burns with a blue flame only, the oxygen 
content is usually lower than 2%. If it burns 
with a steady, yellow flame, and the remaining 
charcoal glows, the oxygen is usually in excess 
of 5%). 

Soft spots, as a rule, are encountered during 
water quenching. They are caused by the 
presence of atmospheric gases dissolved in the 
water, which are liberated on the face of the tool 
when it is quenched, thus insulating certain areas. 
An addition of about 5 to 10% of salt minimizes 
the possibility of soft spots. This amounts to 
about #-lb. of ordinary rock salt per gallon of 
water. For steels which are to be oil quenched, 
a good grade of commercial quenching oil when 
maintained between 90 and 140 deg. F. is re- 
commended. 


HEAT TREATMENT OF TOOLS AND DIES 
By R. B. SEGER, Superintendent, Lindberg Steel Treating Co., Chicago. 


HARDENING and tempering of tools and dies is 
an operation which cannot be hurried. In fact, 
giving this operation more time will probably 
result in increased production. There are a few 
points which, if adhered to, will help to prevent 
delays. 

(1) Remove all surfaces of the tool as re- 
commended by the steel supplier, to insure a 
cutting edge free of decarburization. Very often 
the tool 1s completely hardened and tempered 
before this decarburization is discovered. This 
necessitates annealing and rehardening in a pack 
to build up the surface with carbon. The pack 
treatment is a lengthy one and even though the 
surfaces are hard it may not give the production 
that a tool free from decarburization would give. 


Some plants will spend many hours grinding off 
the soft surface rather than reharden by the pack 
method. This procedure is obviously wasteful 
of time and money. 

(2) Be sure of the steel that is being used and 
convey this information to the hardener. Do not 
expect the hardener to treat a piece of steel and 
keep it in one piece if he doesn’t know whether it 
should be quenched in oil, air or brine. 

(3) Leave fillets in corners whenever possible 
so that the hardener doesn’t have to pray that the 
die will not crack at that sharp corner. 

(4) Finish all surfaces in the same mannet. 
A die having a smooth ground surface on one side 
and a rough machined surface on the other, will 
always warp in hardening because the ground 
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surface will quench faster than the machined 
side, making a difference in contraction rate. 

(5) Progressive manufacturers long ago re- 
cognized the importance of heat-treating opera- 
tion, and the skill required to produce consis- 
tently good hardening. But all the hardening 
skill in the world will not offset the lost time and 
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extra expense caused by poor hardening equip- 
ment. 

Proper hardening of tools, providing the 
designs are not too impossible and the proper 
equipment issued, will leave them with practi- 
cally no decarburization, no scaling, and no 
distortion. 


HEAT TREATMENT OF PARTS 
By J. F. WyzaLek, Chief Metallurgist, Hyatt Bearing Div., General Motors Corp., Harrison, N.. 


THe high frequency induction heating method 
fully meets the requirement for speeding up heat 
treating operations. It offers split second pre- 
cision, a means of heating of only a few seconds 
duration, for annealing, hardening, or tempering 
of steel parts. It frequently permits the use of 
plain carbon steels in place of the alloy steels 
often necessary when the conventional heat- 
treating methods are applied. Localized heating 
of the most intricate parts is practical. Dis- 
tortion is minimized while decarburization and 
oxidation are practically eliminated. As a result, 
treated parts require very little or no grinding. 
Such articles as crankshafts, camshafts, axle 
shafts, wheel hubs, bearing races, bushings, are 
in increasing amounts being induction hardened, 
thereby saving not only considerable amount of 
process time but also offering improved service 
performance at lower overall cost. 

Another rapid method is flame hardening. 
Although not as fast as induction heating, it 


offers considerable saving of time as compared 
to conventional methods. It is especially adapt- 
able to large sections requiring localized heat 
treating. Gears, shafts, and cylinders are flame 
hardened satisfactorily. The secret of success 
is the close control of all factors to obtain uniform 
penetration of hardness to the desired degree. 
Steel forgings and castings requiring long 
heating cycles of 10 or even 60 hrs. for develop- 
ing the necessary hard case depths can be flame 
hardened to equal depths in a few minutes. 
Also flame hardening offers a solution to the old 
problem of machining chilled cast iron by allow- 
ing the complete machining of soft castings to be 
followed by flame hardening the desired areas 
within close metallurgical limits accompanied by 
minimum distortion and negligible oxidation. 
More extensive use of this method should be 
encouraged, especially in view of its relatively 
low investment cost and adaptability to large 
intricate parts requiring localized heating. 


SELECTION OF HEAT-TREATING FURNACES 
By A. H. VAUGHAN, Chief Engineer, The Electric Furnace Co., Salem, O. 


WHEREVER possible, existing furnace designs 
should be used. Many types developed and 
widely used in peacetime industry are equally 
well adapted to defence production. An example 
are the “chain belt conveyor” hardening fur- 
naces which handle aircraft engine parts, machine 
gun cartridge clips, and similar work as well as 
the bearing races, bolts and screws for which they 
were originally designed. They can be operated 
with special atmospheres where needed. 
Numerous other types are similarly useful. 
Little time is needed to place these furnaces in 
service. Their performance has been tested in 
actual service. Finally, they still will be useful 
when normal conditions return. There is, of 
course, a point beyond which new design be- 
comes unavoidable. Even here, however, much 
time and effort can be saved by making the maxi- 
mum use of existing design. Often only a new 


size is needed and in it can be incorporated many 
standard parts without change. The furnace 
builder may in some cases be able to produce a 
unit closely patterned after previous designs 
without appreciable loss of time because, with 
care and a modicum of forethought, material 
purchases can be made and work be started before 
the complete details are worked out. 

Finally, the purpose of these savings is to 
leave open the nec&ssary engineering capacity for 
equipment which must be of distinctly new cha- 
racter. There are enough cases of this kind to 
absorb all the ingenuity we can muster. A high 
order of precision is demanded, and the work 
often requires careful study from the standpoint 
of conveying and handling apparatus. New 
developments in the special atmosphere field are 
frequently so advantageous that they cannot be 
disregarded. Not infrequently, a process such 
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as copper brazing makes possible great improve- 
ment of a product or great simplification in its 
manufacture, and such an opportunity should be 
capitalized to the utmost. 
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We cannot foresee what radical changes will be 
necessary in the design or manufacture of arms; 
but we can use care to select furnaces which have 
the versatility to meet the new demands. 


CARBURIZING 
By E. F. Davis, Metallurgist, Warner Gear Div., Borg-Warner Corp., Muncie, Ind. 


THE present Defence Program and resulting pro- 
duction demands has put into use practically 
every known type of carburizing equipment. 
Many of the recently installed continuous gas 
carburizers are actually complete heat-treating 
units. They will automatically carburize, quench, 
wash, and temper the parts. One operating in a 
large gear plant also automatically burns off the 
trays and fixtures from carbon and oil. 

Four Row Furnace.—A typical illustration 
of the latest design is the four row carburizing 
furnace, utilizing independent control on each 
row so that a wide diversity of case depths is 
possible. One row could produce, for example, 
0.040 in. case, another 0.050, another 0.060, and 
the fourth 0.070 in., and work of four different 
case depths may be going through the furnace 
simultaneously. Based on the fact that car- 
burizing proceeds at about 0.012 in. per hr. at 
1700 deg. F., it is merely a matter of the time in 
the furnace, and, by slowing or speeding up the 
pushing intervals, any desired case may be ob- 
tained. This makes a very flexible unit, for all 
rows can push on one case depth, or several case 
depths, as desired. Or, if production should 
decrease, only one or more rows need to be 
operative. 

Many of the new furnaces do not use muffles 
as formerly, but are fire brick chambers heated 
internally with radiant tubes or other forms of 
combustion cylinders. This permits a larger 
furnace area and improves production possi- 
bilities. These furnaces can be repaired quickly 
in the event of a tube burning out without loss of 
time, whereas, if a muffle burns out, often three 
to eight weeks’ delay is experienced. In the 


early gas carburizers the gas was cracked either 
wholly or in part in the carburizing chamber, 
This produced considerable sooting and ult- 
mate formation of graphite. This would pack 
into rail joints and in porous spots in the muffles, 
and much failure of the rails and muffles has been 
attributed to the so-called “carbon explosion.” 
In cleaning out the gas carburizer, it was not 
unusual to obtain several barrels of carbon 
deposit. This was evidence of gas wastage and 
imperfect cracking. 

The latest innovation is a gas cracker, exterior 
to the furnace, which completely decomposes the 
methane or propane by means of a catalyzer, 
and produces a dry carbon monoxide in the 
carburizing chamber. This is introduced into 
the furnace with a small addition of about 2°, of 
raw gas. This produces clean work, free from 
soot, very little deposition of carbon in the fur- 
nace, and less than 50% of the gas formerly re- 
quired is necessary for the carburizing operation. 

The difficulty in obtaining heat-resisting 
alloys can be overcome by substituting cast iron 
and welded low carbon steel in many plants for 
fixtures employed in gas carburizing units. 
Cast iron would not have sufficient strength to 
withstand the pushing load, but seems to stand 
repeated quenching without cracking the metal. 
Cast iron fixtures have a tendency to grow 
alarmingly by repeated use. But if allowance is 
made in the design for this growth, about 250 
heat hours can be expected, which makes them 
comparable in price to heat-resisting alloy, and 
more important, is readily obtainable. Welded 
fixtures made of steel will last about 400 heat 
hours and cost about twice those of cast iron. 


NITRIDING 
By Horace C. KNERR, President, Metallurgical Laboratories Inc., Philadelphia. 


A CONSIDERABLE part of delivery time of nitralloy 
bar stock (as well as of other engineering alloy 
steels) has been represented by the heat-treating 
and straightening operations, due to overcrowded 
mill schedules for these departments. It has been 
found possible to expedite mill deliveries as much 
as six or eight weeks in certain cases by accepting 


the material in the hot rolled condition. This 
arrangement proves to be a source of further 
saving in time and in money to the purchaser. 
For parts requiring only limited machining it has 
sometimes been possible to do this in the hot 
rolled condition. This practice is not generally 
recommended, Where heavy machining is ne- 
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cessary a simple and inexpensive low anneal at 
say, 1300 to 1400° F., is applied to put the material 
in satisfactory condition for machining. The 
parts are then rough machined, which is then 
followed by the usual quenching and tempering 
treatment. The parts are next finish machined, 
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ready for nitriding. This, of course, removes 
scale and decarburization caused by the heat- 
treating operation, as well as correcting any 
deformation which might have accompanied 
that process. 


OXY-ACETYLENE FLAME HARDENING 
By J. J. Crowe, Assistant to the Vice President, Air Reduction Sales Co., New York. 


In the present emergency, engineers will de- 
velop many new processing applications, and, in 
addition, processes that have been in use to a 
reasonable extent and have proved their adapta- 
bility to fast-production requirements, will be 
greatly expanded in their employment. One 
such process is oxy-acetylene flame hardening, in 
which surface areas of relatively large steel or 
cast iron parts are hardened by heating with an 
oxy-acetylene flame, followed by immediate water- 
quenching. The chief and now generally re- 
cognized advantage of the process is its suitability 
for uniformly hardening localized or selected 
surface areas, without affecting the mass or core 
of the part, and with a minimum of distortion. 
The process develops the full hardness of which a 
steel or iron is capable and is inherently suited 
to mechanization, and thus conforms admirably 
to current “‘ speed-up ” demands. 

An important strategic-alloy-saving advantage 
of the process is its use, in conjunction with plain 
carbon steels, to provide hard, wear-resistant 


surfaces where such surfaces had formerly been 
developed by furnace-heating and oil-quenching 
the mass of an alloy steel part. If only the surface 
need be hard, the part can often be made of 
medium-carbon unalloyed steel and the surface 
flame-hardened without distortion. Similarly, 
the use of nitrided alloy steel cylinder liners and 
similar parts can sometimes be dispensed with in 
favour of flame-hardened carbon steel. Flame- 
hardening can often be credited with substantial 
saving in machining and grinding time, and, 
therefore, also with freeing machines for other 
uses. Particularly for the hardening of only a 
few pieces of large size, surface hardening with 
the oxy-acetylene flame can be done in much less 
time than furnace hardening. 

Again, this process contributes to speeding 
up our defence manufacturing effort, in that it 
provides applications that readily fit into produc- 
tion lines, thereby eliminating the time lag 
incident to furnace hardening by the batch 
method. 


GAS WELDING 
By H. E. ROCKEFELLER, Manager, Process Development, The Linde Air Products Co., New York. 


MECHANIZED oxy-acetylene welding is excep- 
tionally suitable for high-speed production weld- 
ing of light-gauge material. Since oxy-acetylene 
welding itself is highly adaptable, a variety of 
setups and procedures can be devised for the 
work at hand. In one type of procedure the 
part is completely welded in one continuous 
operation. In another type of procedure the 
part is welded with a series of welds, or with two 
or more welds simultaneously made. 

In the type of operation in which a continuous 
weld is made, such as in tube welding, the material 
is carried through the welding machine by a system 
of rolls and past a stationary welding blowpipe. 
Spacing of the edges to be welded can be changed 


by varying the pressure that the rolls exert, so 
that a gap can be maintained during preheat, and 
closed by proper location and pressure of the rolls 
during welding. 


In the method in which several welds are 
made on each unit, the prefgrmed stock is placed 
in jig and rotated past a stationary blowpipe, or 
the jig and material may remain stationary while 
the welding head travels along the seam on a 
track. 


Bronze welding and bronze surfacing on a 
production basis can also be mechanised. In 
both types of operation a volatile liquid flux is 
used to speed the operation. 
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ARC WELDING. 
By C. J. GALLANT, Technical Consultant, North American Aviation Inc., Inglewood, Cal. 


Arc welding as a production facility is not new 
with aircraft manufacturers, but the development 
of adequate control and technique which 
would insure the producing of articles with a 
saving in manufacturing hours and yet conform- 
ing to Army, Navy and commercial specifications 
is quite recent. 

Having available trained personnel and suit- 
able generators and rods to produce optimum 
arc welding under a given set of conditions, it is 
suggested that the following be given careful 
consideration : 

(1) Joint Design. In the majority of cases. 
an accessible joint design, although so designed at 
the expense of additional weld length, will yield 
a reduction in welding time, and is, therefore, 
recommended. 

(2) Crater Elimination. Craters normally 
present in all weld endings are the result of 
abruptly stopping the arc. Obviously this con- 
dition is not tolerable in aircraft primary struc- 
tures and is, therefore, an ever-present cause for 
rejection. This can be overcome by using 


Crater Eliminators, adaptable to all standard 
generators. This instrument insures correct 
diminution of welding current as the end of the 
weld run is approached, and its effects are in 
contra-distinction to such practices as wiping or 
lengthening of the arc, or any other method re- 
sulting in an abrupt stoppage of the welding 
current. 

(3) Accessory Equipment. These provide the 
welder with additional safe tools so that more 
of his time can be productively employed with 
little or no increase in fatigue. 

(4) Jig and Fixture Design. Considerable 
thought to the design of jigs and fixtures will be 
well repaid. Jigs, rotable about one axis at least 
are recommended. 

(5) Flow of Parts. Considerable time saving 
has been effected by alleviating congestion 
which normally occurs on both sub-assembly 
and final assembly jigs whereon parts usually 
are hand fitted prior to welding. Conditions 
are much improved by using more assembly 
jigs and set-up jigs. 


RESISTANCE WELDING 
By R. T. GILLettTe, Works Laboratory, General Electric Co., Schenectady, N.Y. 


THE use of resistance welding in its many phases 
can do a great deal to increase production and 
lower costs when properly applied. There are a 
great many possible combinations of various 
types of resistance welding equipment which 
closely follow machine tool practice, which cannot 


be covered in an article of this character. The 
best equipment available should be purchased, as a 
great many pieces of welding equipment in use 
are obsolete and there is no economy in using 
obsolete welders. 


METAL CLEANING. 
By R. W. MITCHELL, Technical Director, Magnus Chemical Co., Garwood, N.F. 


IT is essential that cleaning operations be speeded 
up wherever possible in order not to become a 
constriction in the flow of production. 

There are two general types of cleaning 
solutions used to prepare metal parts for the 
finishing processes. One is aqueous solution, 
and the other is a solvent either in liquid or 
vapour phase. By combining some of the 
desirable features of solvent cleaning at low cost, 
with the good features of cleaning by means of 
water solutions, we get a method which is rapid, 
economical and shows good results in many 
applications. 

The method, known as the “ emulso-dip ” 
process involves a pre-cleaning operation which 
removes the surface dirt, and a secondary dip in 
a metal cleaning solution if a chemically clean 


surface is desired. The pre-cleaning solution is 
made by dissolving 1 lb. of a pre-cleaning solvent— 
an oil soluble wetting and emulsifying agent— 
to a gallon of kerosene. The solution may be 
cold ordinarily, but penetration is more rapid if 
warmed to 120° F. Following the dipping opera- 
tion, which takes from 30 secs. to 3 mins., pieces 
are drained for about } min., and then flushed 
with cold: water from a pressure spray. The 
water emulsifies the solution and washes away 
all the dirt with the emulsion. The surfaces of 
the cleaned parts are now physically clean. Ifa 
chemically clean surface is desired for plating ot 
vitreous enamelling, the parts must be subjected 
to the second stage of immersion in an alkaline 
metal cleaning solution. 

The solvent emulsion cleaning process has 
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already found useful application in the cleaning 
of such work as drawn metal parts, especially in 
those cases where pigmented drawing compounds 
have been used, in the removal of certain sul- 
phurized or chlorinated oils which are difficult 
to remove by normal washing procedures. 
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Large steel sheets, which often present a 
difficult cleaning job due to their large size, can 
be cleaned quickly and efficiently by applying 
the pre-cleaning solvent as a spray to the surfaces, 
and then flushing them off with cold water spray 
at as high a pressure as possible. 


HOT-DIP GALVANIZING 
By WaLtace G. IMuoFF, President, Wallace G. Imhoff Co., Vineland, N.. 


THERE are two things that will greatly increase 
production in hot-dip galvanizing if studied 
carefully. These two operations are : (1) Pickling, 
and (2) Fluxing. 

Pickling.—Accurately control pickling opera- 
tions with a quick test pickling outfit consisting 
of tablets for testing the acid content of the bath ; 
for testing the iron content of the bath ; and also 
take the bath temperature when these tests are 
made. Determine the correct pickling practice 
for the base metal being pickled. Good pickling 
practice is an acid content of about 4%; empty 
tanks at 8° iron content of bath; use a bath 
temperature of 140 to 160° F. All productions 
can be done without fumes when the pickling 
capacity is large enough, and the tanks are big 


enough. Fumes and bad pickling conditions 
indicate the need of more tanks, and, perhaps, 
larger tanks. 

Fluxing.—Introduce the liquid fluxing prac- 
tice of a solution of zinc-ammonium chloride at 
about 180° F. The saturation of the bath and 
the temperature must be determined for the 
kind of work being galvanized. The liquid flux 
gives faster speed, and also fewer seconds and 
defects because of the improved fluxing condi- 
tions. The first cost of zinc-ammonium chloride 
is more than muriatic acid, but the increased 
production and higher quality product, together 
with much better operating conditions, offset this 
higher first cost, and in the end give a net cost 
lower than the old method. 


BLAST CLEANING 
By C. A. SNYDER, American Foundry Equipment Co., Mishawaka, Ind. 


Asip—E from greatly increased general cleaning 
needs under the program,. blast cleaning is used 
for such specific defence work as the cleaning of 
shells, bombs, armament, tank tractor treads, 
machine gun cartridge clips, etc. With the 
production of many of these items running into 
the millions, it is obvious that the cleaning pro- 
cess cannot be permitted to choke the flow of 
work at any point in the manufacturing process. 
The following are several practical ways by which 
this can be accomplished. 

(1) The ventilating factor is a point that is 
oftentimes overlooked in seeking to improve blast 
cleaning efficiency, but it is a point of highest 
importance. Useless fines must be removed from 
the cleaning chamber by proper ventilation, 
otherwise the blasting action is retarded; the 
cleaning agent, whether it be abrasive or sand, 
does not have a chance to do its best work, and 
oftentimes the failure to remove foreign matter 
from the cleaning chamber results in the deposit 
of a smudge upon the work. Keeping abrasive 
clean by proper ventilation is especially impor- 
tant when metallic shot and grit are used. 

(2) Some modern blast cleaning machines 


do their work so quickly that it is advisable to use 
a timer to prevent over-blasting and under- 
blasting. Not only does the timer help to cut 
wasted minutes from the daily schedule, but it 
also prevents wasted power and abrasive ; reduces 
wear and maintenance ; permits the operator to 
busy himself with other things without losing 
time in inspecting the load unduly; and pre- 
vents the problem of undersized parts on jobs 
that must be kept at close tolerances. 

(3) In selecting your cleaning equipment 
make sure that the process does a thorough job 
of removing sand and scale right down to the 
virgin metal. 

(4) Loading, unloading and conveying of 
material to and from the machine can be serious 
offenders when it comes to wasted time. A 
loader is desirable in most cases because it permits 
charging the machine almost instantly after a 
previous load has been discharged. 

(5) Make sure that the abrasive used in your 
machine is of the proper size and type for your 
work. You can determine this only by actual 
test, but it will certainly pay dividends in im- 
proved cleaning and operating efficiency. 
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BLACKENING STEEL PARTS 
By F. W. PRessEL, Executive Vice President, E. F. Houghton & Co., Philadelphia. 


By blackening instead of plating, saving of plating 
materials such as’ cadmium, zinc, nickel and 
chromium can be achieved, besides obtaining 
faster production not only through the avoidance 
of delay in procuring raw materials, but by reduced 
processing time. 

The blackening process is essentially a con- 
trolled oxidation. By immersing parts in a highly 
alkaline solution maintained at boiling point 


(290-295 deg. F.) a black oxide coating is uni- 
formly produced on the surface of the steel. 

This coating serves to retard rust or corrosion, 
and also beautifies the part by the lustrous black 
finish produced. It does not change dimensional 
sizes and its cost is far less and production is much 
faster than with the protective coatings produced 
by most electrolytic processes. 


ELECTROLYTIC PICKLING AND POLISHING 
By S. Tour, Vice President, Lucius Pitkin, Inc., New York. 


PRESENT demands for increased production re- 
quires the adoption of improved and new tech- 
niques in metal finishing. 

Considerable attention is being given to the 
descaling of the various metals and alloys. The 
stainless steels and stainless alloys are difficult to 
free from scale with ordinary techniques of still 
pickling. Stainless steels can be readily and 
efficiently descaled by means of the Blant-Lang 
process (U.S. Patent No. 2, 115,005) in which the 
scaled steel is treated as the anode in a bath of 
sulphuric and hydrofluoric acids. 

S. F. Urban (U.S. Patent No. 2, 172,041) 
suggests the use of hydrofluoric, chromic and sul- 
phuric acids as a still pickle for steels containing 
more than 12% Cr. 

Another recent process for electrolytic de- 
scaling of stainless steel is a cathodic treatment in 
a molten caustic bath followed by an immediate 
water dip, and then a sulphuric acid pickle 
followed by a nitric hydrofluoric acid treatment. 
This method is said to shorten the time of scale 
removal as compared to the straight sulphuric 
acid pickle and to be of special advantage for 
straight chromium steels. 

Nickel and its alloys, especially those of high 
chromium content, can be descaled with great 
speed and cleanliness by anodic pickling in baths of 
phosphoric and sulphuric acids. By varying 
temperatures and current densities, these materials 
can be electro-polished as well. An interesting 
application is the continuous descaling and electro- 
polishing of strip and wire or individual pieces on 
a conveyor by passing through a two compartment 
tank in which the electrolyte in both compartments 
is identical but the physical conditions in one com- 


partment favours descaling and in the other 
polishing. (Patents applied for). 

Electrolytic methods which have been success- 
ful with stainless steels, plain carbon steels, 
aluminium, nickel, monel metal, nickel silvers and 
various other alloys as well, offer great oppor- 
tunities to speed up production. Most of the 
methods used employ mixtures of sulphuric and 
phosphoric acids, citric and sulphuric acids, or 
straight phosphoric acid. In all cases, the material 
is treated as the anode with relatively high current 
density. 

In the case of aluminium, it has been found 
very simple to electro-polish and anodize in the 
same continuous line. Both the polishing and 
anodizing are done in the same tank consisting of 
two compartments, each compartment holding 
the same electrolyte but maintaining physical 
conditions favourable for electro-polishing in one 
and favourable for anodizing in the other. The 
anodic layer formed is transparent and capable of 
absorbing dyes. Ordinary 6 to 12 volt generators 
are used throughout. 


A most advantageous and time-saving applica- 
tion of electrolytic polishing is found in the treat- 
ment of ordinary carbon steel. Without rerack- 
ing parts are descaled, electro-polished, plated 
with copper and then with nickel or a very ad- 
herent nickel plate is applied directly to the iron. 
Other base metals may be similarly treated. Good 
economics result from such continuous operation. 


Electro-polishing has also found application as 
a ready means for reducing surface friction, 
rounding screw thread contours, and a multi- 
plicity of other time-saving operations. 
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HYDROGEN AS ALLOYING ELEMENT IN STEEL AND CAST IRON 


By EDUARD HOuDREMONT and PAUL ALEXANDER HELLER. 


(From Stahl und Eisen, Vol. 61, No. 32, 


August, 1941, pp. 756-759). 


STEEL. 


AMONGST non-metallic alloying elements, greatest 
importance was attributed to oxygen and nitrogen 
during the past years. Regarding nitrogen, 
more consideration was given to its effect upon 
various characteristics of pure metals, such as 
ageing, etc., rather than to its effect upon hard- 
ness. With alloys, however, the main concern 
was hardness and stabilisation properties. In 
many applications it was found pertinent to use 
nitrogen in place of nickel. 

With respect to oxygen, reference is made to 
H. W. McQuaid and E. W. Ehn’s, and Duft- 
schmid and E. Houdremont’s publications. At 
this stage it is sufficient to recall briefly that, at 
present, it is almost universally agreed upon that 
oxygen is not responsible for abnormality of 
steel. 

In the following part some experiments are 
described and discussed which were carried out 
with the object of investigating the properties of 
hydrogen as an alloying element in steel and cast 
iron. 

Test samples of about 30 mm. diam., pre- 
pared from eutectoid steel, were heated in dry 
hydrogen for 5 to 10 hours, at 1000° and at 1100°C. 
respectively. Other samples of the same material 
were subject to a similar heat treatment in oxidised 
charcoal. Hydrogen was prevented from es- 
caping from the system by plunging the test- 
piece into cold water immediately following heat 
treatment. As can be seen from Figs. 1-4, 
hydrogen increased the hardness depth of the 
test pieces, and this feature becomes more pro- 
minent when the duration of heating is prolonged 
from 5 hours to 10. The same coarse, granular, 


structure appears with both, heat treated in 
hydrogen and in charcoal. The hardness was 
measured along the whole of the cross section 
and the result is shown in Figs. 5-8. Whilst 
heating in hydrogen at 1000°C. caused only a 
diminution of the soft core, at 1100° C. an almost 
uniform hardness can be observed throughout 
the section. The samples heated in charcoal 
retained a soft core, even when heated at 1100° C. 

It could be argued that the increased hardness 
depth is not a direct consequence of hydrogen, 
but rather of its accompanying effects, e.g., re- 
duction of oxygen, or the decomposition and 
removal of sulphides. To clarify this point, 
samples charged with hydrogen were reheated, 
to allow hydrogen to diffuse out of the material, 
and subsequently hardened. The hardness, now, 
was the same as of the original metal, i.e., one that 
has not been heated in hydrogen. Thus, the 
effect of hydrogen upon hardness has been made 
indisputable. 

In case of alloy samples containing hydrogen, 
the transition period in the pearlitic stage was de- 
layed, and under similar conditions of cooling the 
formation of a matrix was revealed. We can, 
therefore, assume that the abnormal structure of 
steel, following cementation in charcoal-barium 
carbonate, in contrast to cementation in gaseous 
hydrocarbons, is not necessarily caused by 
oxygen, but it is more likely that the normal 
structure in the latter case is due to hydrogen, 
similarly to the case when other hardness-im- 
proving alloying elements are used, e.g., nickel, 
chromium, manganese, etc. 

This question was further investigated by 
experiments carried out on two specifications of 
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(Charcoal, 5 hrs.) 
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(Hydrogen, 10 hrs.) 
Fig. 4 


(Charcoal, 10 hrs.) 
Fig. 3 
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cess. It was also found that 
hydrogen has no effect upon tem- 
pering, as was expected, since 
hydrogen diffuses readily out of 
the material up to a temperature 
of about 200° C. 

A secondary phenomenon 
caused by hydrogen in steel is the 
formation of flakes. The cracks 
produced are of both microscopic 
and macroscopic size. This phe- 
nomenon is discussed in another 
article. 


CAST IRON. 
| Experimental results obtained 





Rock well. Hardness 
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empcrature 11 
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with cast iron substantiate the 
“previously mentioned properties 
of hydrogen. The effect of 
hydrogen in cast iron was first 
mentioned in a publication by 
A. Boyles, according to which, 
hydrogen is responsible for the 
formation of primary and eutectic 
carbides during the solidification 
period. No mention was made, 
however, of its effect upon decom- 
position of cementite. As this is 
rather an important phenomenon, 
it will be examined more closely in 
the following part. 

The composition of the cast 
iron samples was: 2.86 C, 2.21 Si, 
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steel which were so selected that they showed 
abnormal structure after cementation in gaseous 
hydrocarbons at 920°C. The carbon steel (Fig. 
9) revealed more abnormality than the mild 
steel (Fig. 12). Samples from both types were 
heated in hydrogen for 10 hours at 1100° C., and 
were subsequently placed into a furnace for 
cementation. As a result the carbon steel 
showed more pearlitic structure (Fig. 10) after 
heating in hydrogen than after heating in nitrogen 
atmosphere (Fig. 11). The mild steel, on the 
other hand, showed a perfectly normal structure 
in the first case, and an abnormal structure in 
the second case (Figs. 13 and 14). 

From this, the conclusion can be drawn that 
greater hardness and normal structure in steels 
inclined to form abnormal structure are caused 
by hydrogen which delays the transition pro- 


15 


0.73 Mn, 0.37 P, and 0.07 S, 
and they showed originally a pear- 
litic structure. The samples of 
100 mm. length were heated for 2, 4, 6 or 
8 hours in dry hydrogen (0.2 g H2O/m*) and 
in hydrous hydrogen (0.79 g H2O/m*) respec- 
tively. The temperature was 1000°C., and by 
subsequent cooling in air the temperature was 
brought down to room temperature. Figs. 17- 
20 show the structure of cast iron after a 2 and an 
8 hours heating in dry and hydrous hydrogen 
atmosphere respectively. A sample of the same 
composition was heated for 6 hours at 1000°C. 
in an ordinary furnace, its structure before and 
after heating being shown in Figs. 15-16. The 
difference between this and the hydrogen charged 
samples is apparent ; heating in dry hydrogen was 
ineffective, the pearlitic structure being retained. 
As a matter of fact, with prolonged heating, the 
ferritic structure seems to be even reduced. 
Heating in hydrous hydrogen, on the other hand, 
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Heated in Nitrogen 
Fig. 14 






Fig. 11. 
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Fig. 16 After Heat Treatment 
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conclusive as regards to whether structural 
changes were the result of hydrogen or oxygen 











Fig. 10. Heated in Hydrogen 
Fig. 13 











Fig. 15. Before Treatment 





teduced the pearlitic structure, but not quite as 


much as heating in the furnace. 
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Still further experiments were needed 


content. 


The above series of experiments was not 
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Fig. 17. 2 hours 


Fig. 21 


to answer this question. For this purpose the 
following heat treatment was arranged : 

(1) In Argon for 3 hours (absence of O2 humi- 
dity: 0.0554 g/m*). 


nest 


Fig. 


(2) In Nitrogen for 6 hours (absence of O2, 
humidity : 0.0987 g/m’). 

(3) In Hydrogen for 6 hours (absence of O», 
humidity : 0.114 g/m’). 
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Fig. 23 


In the first two instances the microscopic 
examination revealed an almost complete de- 
composition of ferrite into graphite ; treatment in 
hydrogen did not bring about any structural 
change. The corollary is that the decomposition 
to graphite is not caused by oxygen. 

Finally, considering the structural changes in 
cast iron, it is clear that if there exists a specific 





functioning of hydrogen, then by heating the 
ferritic sample in hydrogen atmosphere above 
Aj, the pearlitic structure should be re-formed. 
The nature of the effect of hydrogen can then be 
determined by heating the sample in vacuo. 
If, namely, this will result in a decomposition of 
the structure, the direct influence of hydrogen 
will be apparent. Otherwise, if the - pearlitic 
structure is still retained, it will be obvious that 
hydrogen has affected the free and the com- 
bined oxygen in the material. Experiments 
corresponding to this consideration were carried 
out, and the result is shown in Figs. 21, 22 and 
23. The first two reveal the complete trans- 
formation of the original ferritic structure (Fig. 
21) to pearlitic structure (Fig. 22). Fig. 23 
shows the result of the subsequent heating in 
vacuo. It can be seen that after the hydrogen 
has diffused out of the cast iron, decomposition 
to ferrite and graphite took place. 

Summarising the experimental results, it can 
be stated that hydrogen as an alloying element in 
steel and cast iron has similar properties to 
chromium or manganese, disregarding, of course, 
the specific characteristics of these metals. 


THE NEW CONTACT-CONVERTER OF THE SIEMENS-SCHUCKERT 
WERKE 
(Abstract from F. KopPpELMANN: The Contact-Converter, Bull. Association Suisse des Electriciens, 


Vol. 32, No. 6, 1941, March 26th, p. 114/5, and from a Technical Survey on 1940, in 
Elektrizitatswirtschaft, Vol. 40, No. 3, January 25th, 1941, p. 41)* 


A NEW type of converter (Contact-Converter, 
K-Converter) has been developed by the Siemens- 
Schuckert Werke during recent years, which 
converts a.c. into d.c. with exceedingly low 
losses. The conversion is done in a manner 
similar to that used in the mercury rectifier, but 
metallic contacts are applied instead of electric 
valves. The proper points of contact are made 
out of silver fixed on the supports of copper. A 
very low resistance results from this design. The 
contacts are not gliding contacts, but pressure 
contacts operated by a cam gear, which resembles 
the valve gear of an internal combustion engine 
and works in synchronism. The problem, which 
had to be solved, consisted in avoiding the arcing 
connected with the break of heavy currents by 
contacts as used in the converter, by which the 
contacts would be destroyed in short time. A 
new device has been applied in the K-Converter 


* As soon as another publication on the same 
Matter, which appeared in the Elektrotechnische Zeit- 
schrift ETZ, Vol. 62, No. 1, 1941, will be available, a 
fuller description of the new machine will be given. 





for this purpose. A choking coil with a core of 
special iron is put into the main circuit, which is 
magnetised up to saturation. Near current zero 
the iron core reactor passes through its unsaturated 
state thereby drawing the bulk of the applied 
voltage temporarily to its terminals. This re- 





Fig. 1. Oscillogram of the current of a variable air gap 
in a circuit, which contains an additional choke coil with 
a closed iron core, saturated already by a low current. 
Six curves are shown, for various air gaps and, conse- 
quently, various currents. The duration of the period 
of zero-current does not depend on the current. 
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Fig. 2. Diagram of Connections of the. K.Converter. 


Umspanner = Transformer; Schaltdrosseln = Choke 
coils; Anlasser = Starter; Kontakte = Contacts; 
Synchron-Motor = Synchroneous motor; Excenter = 
Cam; Grundlast = Base-load; Schnellschalter = 
Quick break autom. switch 


duces the current in the main circuit to zero for 
some time (Fig. 1). The contacts open just 
during this time of zero-current and work there- 
fore like insulators. Even when the moment of 
opening of the contacts varies a little, the opening 
of the circuit is still performed during the period 
of very low current. It is very important that 
the current flowing during this period is inde- 
pendent of the load current of the converter. 

Fig. 2 shows the connections of the K-Con- 
verter. It comprises a normal three-phase 
transformer and three separately magnetised 
choke coils. The contacts open with phase 
differences of 120°. The voltage can be con- 
trolled in a wide range by a displacement of the 
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Fig. 3. Efficiency of K-Converter plant compared 
with other converters and mercury rectifiers for 5000 A 
and various voltages. Approximately 2/3 of the losses 
of the K-Converter have their origin in the transformer. 
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Fig. 4. Efficiency of a K-Converter pliant compared 
with other converters and mercury rectifiers of 300 V. 
Values for various loads from 25 to 100%. The losses 
of the K-Converter are for the greater part I2R-losses, 
As the no-load losses are small, the superiority in regard 
to efficiency is very great for light loads. 


moment of closing the contacts in regard to the 
a.c. voltage. The contacts are pressure contacts 
in all K-Converters from 10 to 10,000 A. In 
consequence of their good conductivity they have 
small dimensions even if they have to carry heavy 
currents. No frictional and no high ohmic losses 
occur with these contacts as with the gliding 
contacts of the converters as uséd up till now. 
Therefore the efficiency of the new machine is 
very high, even when designed for low voltages 
and working with only a fraction of full load. 
Table I. gives a comparison of the losses of a 
K-Converter and a rotary converter, both for 
5000 A and 300 V. Fig. 3 shows the efficiency 
of the new converter and other converters for 
voltages from 100 up to 800 V. The advantage 
of 3% even for voltages as high as 800 V is 
notable. Fig. 4 gives the efficiency for partial 
loads from 25 to 100% load. The efficiency is 
much better for the K-Converter than for all 
kinds of converters. 

The new converter contains much less material 
than the older designs, less even than an equiva- 


- lent mercury rectifier. A rotary converter for 


5000 A and 300 V has a weight of 15 ton, whereas 
a K-Converter of the same output weighs only 
1.5 ton, that is 1/10. 

In Fig. 5 a large K-Converter for 10,000 A and 
70 to 400 V is shown. Each of the two columns 
contains three choke coils, which are cooled by a 
fan placed in the base plate of the machine. The 
contact apparatus in the front is designed for 
10,000 A and 600 V and is working with 12 
phases. The converter is fed by a normal three- 
phase transformer with two secondary windings, 
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Fig. 5. Twelve-phase Contact Apparatus for 10,000 A 
* and 400 V. Two systems for 5000 A in parallel. gj 


one in star and one in delta connection. The 
weight of this machine including transformer and 
choke coils is 3 tons. 

A contact apparatus for 5000 A and 300 V is 
shown in Fig. 6. The contacts are arranged 
around the eccentric. 

During the recent five years K-Converters of a 
few kW up to several 1000 kW have been built 
and have performed successfully continuous 
service, e.g., for a large electrolysis plant, street 
railways and for charging accumulators. In the 
latter use K-Converters offer an advantage of 10 
to 20% higher efficiency compared with other 


devices for charging accumulators. K-Con- 
verters have been built for voltages as low as 30 V 
and voltages up to 600 V. But even the voltage 
of 800 V can be attained with a special arrangement. 
The voltage can be adjusted continuously just as 
with the mercury rectifier. The attendance is 
very easy. The converter can deliver full load 
within a few seconds without any preparations, 
even after a stand-still of long duration. The 
short-circuit current is limited by the choke coils, 
without lowering the power factor. It is a 
disadvantage of the K-Converter that it is more 
sensitive than other converters and rectifiers on 
disturbances, e.g., asymmetric drops of the 
feeding voltage. But damaged contacts can be 
replaced very easily and without appreciable 
expenses. 


TABLE I. 


Comparison of the losses of a rotary converter and a 
K-Converter for 5000 A and 500 V. 


Rotary 
converter, 
kW K-converter, kW 


Iron losses i 15 2 (Choke coils) 
Exciter losses .. 10 — 
Losses in the 
brushes ee 15 
Friction losses 
(ventilation and 


bearings) z 20 


Current heat losses 

in the rotor .. 19 
Current heat losses 

in the commutat- 

ing poles =e 5 
Contact Voltage in 

the brushes... 15 _ 
Additional losses 16 5 


11I5kW 25kW 
n=954% 1=99% 


15 (Choke coils) { Losses 


Fig. 6 


Six-phase contact 

apparatus for 5000 

Aand 300 V. View 
on the cam gear. 
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AUTOMATIC RELEASING OF SAFETY BRAKES OF LIFTS 
By Dr. Inc. E. H. Hersst. (From Zeitschrift des VDI, Vol. 85, No. 31, August, 1941, pp. 671-673), 


STATISTICAL reports reveal the fact that the 
operation of lift safety brakes is satisfactory only 
in about 2/3 of the cases, whereas in twice as 
many instances undue operation takes place, 
sometimes with serious consequences. An in- 
vestigation in this line established the following 
reasons of faulty operations: (1) The hoisting 
rope : great length and heavy weight, large ampli- 
tude vibration, considerable elongations under 
the load ; (2) The guide beams : weakness of the 
timber, varying strength along the beam, small 
wear resistance. 

In the following, various brake releasers will 
be described and discussed. 


Directly Operated Releasers. 

One type of the directly operated releaser 
consists of an electromagnet controlled ratchet 
and a spring controlled brake. The current 
energising the magnet flows through the me- 
tallic hoisting rope, and when this fractures the 
magnet releases the ratchet which holds the 
spring, and the brake is made to operate. An 
obvious drawback of this device is that action of 
the brake will take place whenever the current is 
interrupted for reasons other than fracturing of 
the rope. 

Another design consists of a spring, fixed 
between the elevator and the king bolt, the latter 
being attached to the lift wire. So long as 
tension is maintained in the rope the brake jaws 
are held in a withdrawn position, but when the 
wire parts, the tension in the rope falls (eventually 
to zero) and the spring, by pulling down the 
king-bolt, forces the brake jaws against the guide 
beams. This type of releaser is an intermediary 
between the directly and acceleration operated 
brake releasers, as the acceleration of the lift 
plays an important part in the operation of the 
brake. 


Indirectly Operated Releasers. 


(a) Remotely controlled releaser. This type 
makes use of an auxiliary rope between the two 
lifts over a pulley at the top of the lift shaft. 
The brake is released by the high tension in the 
auxiliary rope which precedes the fracturing 
of the hoisting rope. Since moderately high 
tensions (about 2000 kg) may be caused in the 
auxiliary rope by vibration and self-weight it is 
essential to prevent unnecessary operation, to 
pre-stress the operating spring to such a value. 


Schiisler suggested using, in place of the 
auxiliary rope, the ground rope which is fre- 
quently used in Germany as a counterbalance 
for the weight of the hoisting rope. When the 
hoisting rope fractures the ground rope falls 
and closes an electrical circuit. The current 
then operates the magnet and so the brake in 
the usual manner. The return for the circuit 
presents some difficulty, since the wooden guide 
beams cannot be used for this purpose and a 
second ground rope is only used if the shaft 
depth demands a very heavy hoisting rope. 

Schiisler and Fuhr expected an improvement 
of operation by combining the electric releaser 
with the king-bolt-spring type in double lifts. 
This would have the advantage that whereas on 
the lift, to which only a short length of the frac- 
tured rope remains attached, the king-bolt re- 
leaser will be operated, the other lift, carrying 
the longer portion of the fractured hoisting rope 
which passes round the pulleys and hence con- 


siderably hindering the downward acceleration 


of the lift, is stopped by the action of the electric 
releaser. 

Figs. 1-3 illustrate the connection and opera- 
tion of both types of releasers: (a) is the king 
bolt attached to which is a bell crank lever (b) by 
a pin joint. The horizontal arm of the lever is 
supported by the ratchet (c) while the vertical 
arm has a joggle and holds (d) in position; (d) 
the lock, slides in the forked end of the king pin, 
and, when in the locked position, places the 
leaf spring (e) in initial compression. 

With electrical braking (Fig. 2) the ratchet (c) 
is pulled to the left when the magnet (f) is ener- 
gised, thus enabling the spring to pull down (d) 
which in turn operates the brake. On the other 
hand, with mechanical breaking, when the rope 
fractures the spring pulls down the king-bolt and 
with it (d) which operates the brake (Fig. 3). 
Once the brake jaws are forced against the guide 
beams they cannot be retracted, even when the 
king-bolt is pulled up (e.g., a new hoisting rope 
becomes: attached). 

Comprehensive tests carried out in Gelsen- 
kirchen with this type of releaser showed that it 
provides satisfactory safety of operation, and is, 
therefore, expected to be adopted in practice in 
large numbers. Braking follows rope fracture 
in about 0.1 secs. with the magnet type, and also 
the king-bolt releaser does not delay action con- 
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(a) King-bolt. (b) Bell Crank Lever. (c) Pawl. 


siderably so that the lift cannot acquire high 
speed before being stopped. 

(b) Velocity operated releaser. As would be 
expected such a device operates the brake when a 
critical lift speed is attained. Practice has not 
approved of this type of releaser, as it puts a 
heavy strain on the brakes, since the releaser acts 
only when the required downward speed is 
reached. As an example, a heavily loaded elevator 
on its upward journey will be stopped only after 
it has reversed its direction of motion and gained 
the predetermined speed. 

(c) Acceleration operated releasers. These 
found wide application owing to the little atten- 
tion they require. But their operation is far 
from being satisfactory, in many instances the 
downward acceleration of the lift, following rope 
fracture, will be less than that due to vibration 
of the rope, as the fractured portion of the rope 
might reduce the acceleration of the lift. 
The releaser is required, therefore, to operate 
when a rather small but steady acceleration 
and not a short but large acceleration 
occurs. The specified acceleration operating 
the brake should not be less than 2.5 m/sec?. 
Rope vibration during normal working may 
cause accelerations of the order of about 7 m/sec? 
for periods not exceeding 3 secs. 

K. Bax has tabulated the values of accelera- 
tions that might be encountered when the rope 
fractures. These values are plotted against the 
length of the fractured rope remaining in attach- 
ment with the lift (Fig. 4). For the calculations, 
average conditions were assumed, the shaft 


(d) Crosshead. (e) Leaf Spring. (f) Magnet. 
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Fig. 4. 


depth being 1000 m., and the weight of the empty 
lift 30 t. At 1 = 140 m. a kink can be observed 
in the graph, since when | is less than 140 m. the 
rope will slip over the pulleys and the force re- 
sisting acceleration of the lift is thus considerably 
reduced. If the length is 140 m. or more, the 
maximum acceleration of the falling lift does not 
exceed 5 m./sec?. 

Acceleration operated releasers are designed 
either as “oscillating weight” or as king-bolt 
releasers. The first type is illustrated in Fig. 5. 
The weight (b) taking the shape of a plunger 
rests, at the bottom of the oil filled dashpot (a) 
and holds a spring (c) in compression. During 
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(a) Oil dashpot 
(b) Plunger (Oscillating 
weight (f) Catch lever 

(c) Spring (g) Releaser spring 
the downward acceleration of the cylinder, the 
force of the spring and the inertia of the plunger 
might overcome the effect of gravity and the 
plunger will rise in the cylinder. This movement 
is damped by the flow of the oil which has to be 
forced through the by-pass (d). When the 
plunger rises high enough, the rod (e) lifts the 
catch (f) and thus releases the spring (g) which 
now operates the brake. By regulation at the 
by-pass undue operation of the brake (e.g., 
because of rope vibration) can be prevented. 

In practice this design did not prove success- 
ful, as the weight of the plunger had to be made 
very large in order to operate the lever at small 


(d) Bye pass. 
(e) Piston rod. 


downward accelerations; on the other hand, by 
employing several smaller plungers the small 
impulses acting on the lever (f) might release the 
catch. An improvement on this device would 
be to use compressed air in place of the spring 
(g), as suggested by Jordan, since the force re- 
quired to open a small air vent is very small. 

The king bolt spring type of releaser, men- 
tioned before, will operate more or less satis- 
factorily according to the position of the elevator. 
If, namely, the lift is nearing the top of the shaft, 
the loading of the spring is also aggravated by 
the ground rope, and, therefore, the brake will 
not be released as easily as when near the bottom 
of the shaft. Action of the brake due to accele- 
ration caused by rope vibration is prevented by 
suitably loading the spring. If the acceleration 
is assumed to reach a maximum of about 7 m/s’, 
then the spring loading is about 30% of the 
empty lift. In practice this is increased to about 
40%. Pre-stressing of the spring to say 70°, 
would be dangerous, as in such case, taking the 
example illustrated in Fig. 4, braking would not 
start before an acceleration of 8.3 m/sec? is 
reached. Failure of the braking action with 
springs pre-stressed to such values, was formerly 
attributed to the “ inertia” of the spring. 

A remarkable observation made was that 
releasers with king-bolts have operated satis- 
factorily in such instances when according to 
Bax’s calculations, this was not to be expected. 
The reason for this is that sudden dynamical 
loading causes vibrations of large amplitude in 
the rope, and so large accelerations are caused 
which help the action of the releasers. Actually 
it is quite possible that the heavy vibrations of the 
rope are the imminent reason for failure. 


RADIO OBSERVATION OF THE IONOSPHERE DURING AN ECLIPSE 
(From Technical News Bulletin of the National Bureau of Standards, No. 293, September, 1941). 


WITH the beginning in about 1925 of long-distance 
radio communication at high frequencies, interest 
in the ionosphere also commenced. Since that 
time a great deal of work, both experimental and 
theoretical, has been carried on at a number of 
places in this and other countries in the study of the 
properties of the ionosphere. The ionosphere 
is made up of two and sometimes three more or 
less well-defined ionized layers which are capable 
of returning radio waves to the earth. The 
lowest of these, the E layer, is found at about 68 
miles above the surface of the earth, the K, be- 
tween 87 and 155 miles, and the F2 between 90 


and 250 miles. All radio transmission over long 
distances takes place by virtue of refraction of the 
waves back to earth from one or another of these 
ionized layers. For example, transmission over 
a distance of 4,000 miles may require two hops 
with the wave striking the ionosphere at two 
places. The need for more than one jump for 
long distances is caused by the earth’s curvature. 

Since the sun is the main, if not the sole source 
of the ionizing force responsible for the formation 
of the ionized regions, it is of interest to study 
the ionosphere in terms of time of day, season, 
sunspot cycle, and any other occurrence which 
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affects the amount of energy reaching the iono- 
sphere. As an example of ‘the amplitude of the 
changes, the ion density of the F2 region may vary 
over a range of 10 to 1 between day and night and 
over a range of 4 to 1 from sunspot maximum to 
sunspot minimum. 

The regular experiments which are being 
carried on continuously give a measure of the 
heights and densities of ionization of the layers, 
so that it is possible to interpret and predict the 
characteristics of long-distance radio transmission. 


One of the important factors in the study of 
the ionosphere is the rate of recombination of the 
ions. Although an estimate may be made of the 
recombination coefficient from diurnal curves, a 
solar eclipse gives a unique opportunity for its 
determination, since the ionizing force is cut off 
rapidly. Besides being important in the study 
of the ionosphere a knowledge of the recombina- 
tion coefficients of the various layers gives a check 
on the estimates of temperatures and pressure in 
the high atmosphere. 


Measurements of heights and ion densities 
were made during the eclipse described in the 
preceding item, and from the values measured, 
recombination coefficients have been estimated 
for the various layers. The results of these 
measurements will be published as one of the 
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papers in the eclipse monograph of the National 
Geographic Society. 

During the eclipse, which had a period of 
totality of 282 secs. at the ground, the ion density 
of the E and F, layers decreased to about 22 per 
cent of normal. The minimum density corre- 
sponds to a recombination coefficient of about 
2+10°8 for the E layer and about 10° for the 
F, layer. The rate of decrease, however, and the 
fact that the time of minimum density occurred at 
the middle of totality, indicated much greater 
coefficients. An apparent anomalous effect was 
observed in that the ion density began to increase 
before the third contact. 

In the case of the F2 layer, information was 
not complete, but the minimum of ion density 
approached approximately half of normal, and 
apparently reached a minimum about an hour 
after totality. Up to the end of totality the de- 
crease in ion density corresponded to a recom- 
bination coefficient of about 10-!°, but the density 
observed some time after totality was much less 
than would have been expected for this coeffi- 
cient. 

A definite decrease in ion density was ob- 
served at the same time that the moon obscured a 
large sunspot. This may be significant in identi- 
fying the source of certain ionizing radiation with 
given areas of the sun. 


NEW APPLICATIONS OF METALLIC DIAPHRAGMS 
By ADOLF BRENDLIN (From Die Warme, Vol. 64, No. 16, 19th April, 1941, pp. 171-176) 
(Continued from p. 445) 


Fig. 7 shows a pipe expansion joint in which 
several diaphragms are used. The total expansion 
of the pipe is limited by the number of diaphragms. 
This type of joint is employed when the thrust 
in the piping is taken up at fixed points. If this 
is not the case, a knuckle joint is used, Fig. 8, 
which can be applied to pressures of 100 atm. 
and above. Owing to the symmetrical deflection 
of the two halves of the expansion joint around 
the trunnions m and m’ situated outside the flange 
(a), very large expansion of the pipe can be dealt 
with. The axial thrust is taken up by the con- 
necting flange (1). It is customary to use several 
of these joints in series in a length of piping, and 
in this fashion a very elastic piping is obtained, 





Fig. 7. 
(a) Flange; (b) Retaining Ring; (c) Diaphragm Seat ; 
(d) Outer Fixing Ring; (e) Centre Fixing Ring; 
(f) Supporting Segment; (g) Diaphragm; (h) Central 
Supporting Ring; (i) Stop Rings ; (k) Fixing Plates. 
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with expansion arrangements which are not bulky 
in dimension or weight. 

In economisers a nest of tubes is enclosed by 
a cylindrical steel shell, one cover plate is fixed 
rigidly to the casing, while the other is free to 
slide. Complete sealing is not possible and so it 
happens that water enters the steam run. In 
other instances, with no expansion arrangements, 
as a consequence of the differential co- 
efficient of expansion of copper (tubes) and 
steel, serious distortion of the pipes may occur, 
which might eventually cause complete destruc- 
tion of the nest of pipes. These difficulties are 
overcome by using a diaphragm for sealing and 
designing a large clearance between tube plate 
and casing. The arrangement is shown in Fig. 9. 

















Fig. 10 illustrates a regulator unit with a double 
diaphragm for a turbine. The diaphragm is kept 
in a neutral position by the steam pressure of the 
individual turbine stages. If now this pressure 
difference is disturbed, the deflection of the mem- 
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brane will operate an oil relay and the turbine js 
stopped. A similar arrangement previously had 
been experimented with, but as the diaphragm 
was of rubber, it could not stand up to the high 
pressures and temperatures. This again illus- 
trates the great improvement obtained by the new 
design. 
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Another interesting application of the dia- 
phragm is shown in Fig. 11. This is a regulator 
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to a turbine driving a feed water pump. The left 
half of the figure shows the valve closed and the 
right half when open. The operating pressure 
(22 atm.) is admitted to the inlet pressure branch, 
and at 15 atm. the diaphragm (c), which acts inde- 
pendent of the regulator valve, keeps a spring (e) 
compressed. The regulating pressure acting 
_upon the diaphragm (b) is balanced by the spring 
pressure (a). If the regulating pressure drops, 
the valve is caused to rise, and it will close when 
the pressure rises. Should the regulating pres- 
sure fall below 15 atm., the spring (c) will be 
brought into action so that it closes the valve 
completely to prevent over-running of the turbine. 

Fig. 12 indicates the points of welding and 
soldering of a complex diaphragm arrangement. 
The greatest difficulty was encountered in the 
beginning by the welding of the thin plates. The 
points of welding should be closely located, partly 
for strength consideration and partly to provide 
adequate sealing. In due course special welding 
apparatus has been developed with the result 
that all these problems have been overcome. 
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Adequate cooling of the diaphragm during welding 
is essential. 

The material of 
the diaphragm 
varies according 
to its purpose. 
For gas and acid 
resisting applica- 
tions platinum 
plates are advis- 
able, in pipes 
carrying super- 
heated steam, 
V2A or Remanit 
steel is used, and 
in water or oil 
carrying pipes, 
with temperatures 
not exceeding 
20°C, brass or 
tombak  diaph- 
ragms give ex- 
cellent results. 


S s/t 





MODERN BRAZING TECHNIQUE 


By H. W. HANSEN. 


ALTHOUGH engineers have made use of brazing 
for a number of years its application did not 
quite correspond to the advantages it appeared 
to offer, until recently. The reason for this was 
that the older brazing technique could not offer a 
completely satisfactory and durable seam, mainly 
due to the lack of suitable furnaces. Successful 
brazing requires very high temperatures, at 
which oxidation of the metallic surfaces con- 
cerned might occur, and this in turn might in- 
hibit cohesion and solution of the base metal 
with the brazing metal. Furthermore, it is 
difficult to determine the efficiency of a brazed 
seam without destroying the jointing. 

Modern brazing technique overrules all these 
objections, and much progress marks the de- 
velopment of this branch of engineering. It was 
found that correct dimensioning and preparation 
of the brazing surfaces is just as important a 
factor as the optimum brazing temperature and 
correct application of the brazing metal to the 
seam. Great improvement is due to the intro- 
duction of the protective atmosphere surrounding 
the parts to be brazed and this made the use of 
flux unnecessary. Of the same importance was 
the construction of electric resistance furnaces 
which could maintain accurate working tempera- 


(From Werkstatt und Betrieb, Vol. 74, No. 6, June, 1941, pp. 209-212). 


tures and which required very little attendance 
and skill from the workman. 

The duty of the protective beasing atmos- 
phere is to prevent oxidation of the surface layers 
and to keep away the air, rich in oxygen, during 
the heating process from the brazing surfaces. 
Regarding this brazing atmosphere, producer 
gas, ammonia, and propane deserve consideration 
in the first place. Producer gas is frequently 
used owing to its cheapness and accessability 
almost anywhere. For brazing purposes, how- 
ever, a careful preparation of this gas is needed. 
An apparatus for preparing the brazing atmosphere 
is shown in Fig. 1. The gas and air are drawn in 
by a pump, and after mixing are forced into the 
combustion chamber. Complete combustion, 
however, is prevented. The burnt products are 
then passed over a catalyst and the water vapour 
is condensed and separated out. 

The gas is now ready for brazing purposes. 
Its humidity varies between 15 and 20 g/m:, 
and it contains about 10-20% hydrogen, which 
is considered as the primary reducing agent ; in 
addition some 8-10% CO and 4-6% COz is also 
contained by the gas and the remaining part is 
made up of nitrogen and various sulphur com- 
pounds. Sometimes it is essential to remove 
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(1) Gas and air inlet (4) Combustion chamber 
(2) Mixing pump and motor (5) Gas cooler 
(3) Burner (6) Water separator. 


the sulphides, this is easily performed, and in 
other instances the water vapour and CO con- 
tent must be reduced, especially when brazing 
case hardened steel articles. 

Brazing atmosphere from ammonia results in a 
very pure gas, consisting of 75% hydrogen and 
25% nitrogen, but owing to the higher costs, its 
use is limited to furnaces of small capacity. 
Because it does not contain COz and water 
vapour, no combinations with carbon occurs, 
and it is, therefore, especially suited for brazing 
special steels. The hydrogen content of the 
gas can be reduced, if necessary, by incomplete 
combustion of the primary gas. The mixture 
is carried over a nickel wire net, and further 
reduction of the hydrogen content is possible 
by applying a secondary blast. Fig. 2 shows the 
apparatus for the preparation of an ammonia 
brazing atmosphere. The used gas can be 
drawn from the furnace and after reducing the 
oxygen in it, can be circulated once again through 
the furnace. 

Electric furnaces are best suited for brazing 
purposes ; the high temperatures required (up 





I Fig. 2. 


(1) Air inlet 
(2) NH; inlet 
(3) Mixing 
chamber 
= (4) Contact 
—— chamber 
SS (5) Combustion 
= chamber 
(6) Valve for 
gas return 
(7) Gas cooler 
(8) Water 
separator 














to about 1130° C.) can be obtained in these, and 
no gases being produced by the heating, no 
interference with the brazing occurs. Automatic 
regulation of the optimum temperature is possible, 
and, therefore, their application is almost universal. 
For smaller articles and special work a furnace 
is used with separate heating and cooling cham- 
bers. The furnace shown in Fig. 3 is used for 
brazing cutting tools and is fitted with coils so 
placed that the 
walls and roof 
radiate most of 
the heat. The 
cooling chamber 
is water cooled. 
A thermostat is 
provided and is 
protected from 
heat radiated from 
the furnace by 
a water cooled in- 
termediate plate. 
The _ brazing 
atmosphere for 
such a furnace is 
usually produced 
in an attached 
generator so that 
Fig. 3. the whole forms 
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Fig. 4. 


a self-contained unit. It has a very economical 
gas consumption, about 0.2—0.3 m*/hour. 


The best type of furnaces have an endless 
conveying belt on to which the article is placed 
and which carries the article through the heating 
and cooling chambers (Fig. 4). Its advantages 
are apparent : automatic operation, uniformity of 
heating and cooling, independence ‘from the 
skill of the operator, and high utilisation of the 
furnace. As both sides of the furnace must be 
kept open, the escaping gas is burnt at the furnace 
openings, and this “‘ Blanket”? prevents the air 
from entering the furnace. As an illustration of 
its economy of operation a furnace of a cross 
section of 200 x 100 mm. uses about 6 to 8 m3 
gas/hour, and is able to deal with 30 to 60 kg of 
work. 


The brazing rod is usually of copper or an 
alloy containing silver or tin. The melting 
temperature of the rod is of considerable import- 
ance, as the brazing temperature must exceed 
this by a small margin to ensure proper flow and 
render the diffusion of the metal more easy. On 
the other hand, care must be taken to avoid ex- 
cessive brazing temperatures, as this may cause 
distortion of the job, and will prolong the dura- 
tion of the brazing operation. Pure metals are 
given preference over alloys for brazing rods as 
they have a more reliable melting temperature. 

The basic principle of brazing is that the 





molten rod, say, copper, flows into the crevices 
in the surfaces of the parts to be brazed, where 
diffusion takes place. Thus the strength or 
rigidity of the brazing is higher than that of the 
copper, provided there are no pure copper 
“ fillings” between the parts. For this reason 
it is important that the dimensions of the gap be 
kept as low as possible, and also because this will 
ensure a sufficient capillary action which is 
essential for the molten copper to be drawn into 
the clearance. As a general rule, the width of 
the gap is about 0.03 mm., but it should, under 
no circumstances, exceed 0.1 mm. 


Naturally, if the melting point of the metal 
parts to be brazed is lower than that of copper, 
rods of other metals or alloys have to be used. 
A precaution for all types of brazed joints is that 
the surfaces be well cleaned from oil and grease, 
as this would inhibit proper cohesion between 
the metals. Polished surfaces are not advisable, 
they can be slightly roughened by using a file. 
Flux might be used for de-oxidising purposes, if 
this cannot be readily obtained by using a brazing 
atmosphere. 


Obviously the greatest care must be taken to 
prevent relative displacement between the parts 
to be brazed ; these can be fixed in position by 
jigs or fixtures, or by pressing them tightly 
together. Spot welding at a few points is also an 
efficient way of preventing dislocation. 


Apart from the great rigidity and reliability 
of modern brazing a considerable gain is notice- 
able from an economical point of view ; a single 
operation permits the brazing of a large number 
of articles. It is also a contribution to economy 
in raw materials, as can be seen from Fig. 5, in 
which a machine part is shown as fabricated by 
three methods, namely, by casting, forging and 
brazing. 
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MACHINE FOR ACCELERATED FRICTION AND WEAR TESTING 
By L. V. ELIN and M.D. KryLov. (From Zdvodskaja Laboratoria, Moscow, No. 4, 1941, pp. 435-437), 


A NEW wear testing machine brought out by the 
Odessa Institute of Water Transport Engineers 
is somewhat similar to the Smith tester. In 
the Smith machine the wear is caused by a ball 
10 mms. in diameter mounted at the end of 
an electric motor driven spindle inclined at 
45° to the surface of the specimen. The wear 
is measured after 100,000 turns of the spindle 
on the same lines as in Brinell testing, by measur- 
ing the size of the resulting imprint. This 
construction is somewhat complicated and does 
not provide for measuring the co-efficient of 
friction. 

The Odessa Institute designers set out to 
speed up the process of testing and introduce a 
friction-measuring . device whilst keeping the 
cost and complication of the apparatus down to a 

The resulting apparatus (named “ Express 
O.1.1.V.T.”) consists essentially of a }” ball 
mounted on anelectrically driven vertical spindle, 
and the specimen is pressed upwards against this 
ball with the aid of a weighted lever. The action 
of the rotating ball on the specimen produces a 
circular depression, the diameter of which is a 
measure of the amount of wear. A pendulum 
dynamometer is provided for the determination 
of friction coefficients. 

The main body of the machine is of welded 
construction, consisting of a ?” steel plate with 
a flange on one side for wall or column mounting, 
two large bosses on the other side, and additional 
flange plates to provide ample stiffness in all 
directions. The upper boss carries the electric 
motor and the test-ball spindle. The lower 
boss carries the specimen-holder and its loading 
equipment. 

The side-flange carries a pendulum type 
dynamometer mounted on a panel which can be 
raised or lowered as required. 

The motor, rated at 0.52 KW, is used without 
its bottom end-plate, this being utilized as a 
bracket elsewhere. Instead, a special retaining 
plate is used, incorporating a thrust ball-bearing. 
Below this is a further set of two double-purpose 
ball bearings which are arranged to ensure 
absolute rigidity of the spindle which carries the 
chuck that holds the test ball. 

The remainder of the mechanism, as will be 
seen from Fig. 1, is mounted on the lower of the 
two bosses, to the underside of which is fixed the 


motor end-plate mentioned above. This carries 
the loading lever, the shorter arm of which 
presses through the medium of a plunger on to 
the sliding headstock. 

The headstock has an internal thread to 
permit of vertical adjustment of the spindle 
with milled flange which carries the specimen 
holder. The holder is mounted on journal and 
thrust ball bearings and is provided with a 
groove and securing screw for the dynamometer 
thread. The specimen can be of any shape or 








\ 





Fig. 1. Testing Machine, “Express O.I.1.V.T.” 
(Sectional arrangement). 
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size, and is secured in the holder by four set- 
screws. 

In order to ensure satisfactory working of 
such a machine it is essential to get the axis of 
rotation of the test ball in perfect alignment with 
that of the specimen holder, and to avoid all play 
or back-lash, otherwise there is vibration and 
the imprint of the ball becomes ellipsoidal, in- 
stead of truly spherical. 

It was found that to secure good alignment 
it was essential to complete all welding before 
the machinery operates, and to bore the two main 
bosses in a boring mill in preferance to lathe- 
work. Particular care had to be taken also, to 
avoid any clearance in the internal thread of the 
headstock. 

In testing a material for frictional wear, the 
specimen must be fixed in its holder in such a 
way as to present a truly horizontal surface to the 
ball. The milled flange below the holder is then 
turned so as to raise the specimen until it touches 
the test-ball, after which a load of 15 to 20 kgs. 
is applied by means of the lever, and the motor 
switched on. An imprint of sufficient size for 
satisfactory measurements to be taken is obtained 
after 5 to 20 minutes’ running depending on the 
material. 

Dynamometer readings should be recorded 
throughout the test. 

The apparatus can be used for tests on either 
lubricated or unlubricated surfaces. In the 
former case oil is fed through a flexible supply 
tube, with a clamping screw to regulate the flow. 

Apart from testing the wear resisting pro- 
perties of materials, the machine can be used for 
testing the lubricating properties of oils. In this 
case the contact surface is smeared with a thin 
film of the lubricant in question, and the point at 
which “‘ dry ” (metal-to-metal) friction occurs is 
determined by observing the behaviour of the 
dynamometer. 

In this type of test, the dynamometer remains 
at zero when the machine is first set in motion, 
but after a certain period of time there comes a 
fairly abrupt jump in its reading. The length 
of this period of practically frictionless running 
is a measure of the stability (“‘ strength ”’”) of the 
oil film and hence of the lubricating properties 
of the oil. 

A special attachment, shown in Fig. 2, per- 
mits of adapting the apparatus to “ disc-friction ” 
(or rather ring-friction) tests. In this case three 
specimens (a) are placed on to a removable test 
ting (b) and the test procedure is the same as with 
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Disc-friction attachment; (a) Specimens ; 
(b) Standard testing. 





Fig. 2. 


other well known testing machines involving 
disc friction. 

The use of a removable ring is convenient as 
permitting of varying the material and measuring 
the wear of both the contact surfaces, so that the 
anti-friction properties of all manner of anti- 
friction alloys.can be investigated. 

As an illustration of the working of this 
apparatus we give below a table of results ob- 
tained, with standard cast iron specimens in this 
machine and the standard Russian friction-test 
machine (AE-5), which also involves the use of 
three specimens and a disc. 

It will be seen that the apparent co-efficient 
of friction with “ Express O.I1.1.V.T.” is lower 
than with AE-5. 


The apparatus described has been in operation 
under various tests for a year and has proved 
most serviceable. As it is also inexpensive, it 
should find wide application both in the labora- 
tory and in the Works. 














TABLE I. 
Apparent Coefficient 
Sees of Friction Wear 
men No.}| Express AE—5 Exp. D.I.1.V.T. AE—5 
D.L.V. 2. dmms. grammes 
1 0.046 0.077 5.3 0.002 
2 0.058 0.098 12 0.0032 
3 0.05 0.088 6.3 0.003 
4 0.058 0.089 3.0 0.001 
5 | 0.063 0.100 5.6 0.0025 
6 | 0.047 0.092 5.1 0.0021 
7. | 0.045 0.087 | 6.9 0.0033 
8 0.055 0.081 5.6 0.0022 
9 0.061 0.091 4.7 0.0018 
10 | 0.064 0.0915 6.0 0.003 
11 | 0.059 0.089 6.15 0.0031 
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PLASTICS APPLIED TO AIRPLANE STRUCTURES 


By CHARLES F. MARSCHNER. 


DurRInG the last few years engineers and produc- 
tion men in the aircraft industry have been giving 
ever-increasing attention to the possibilities of 
extending the use of plastics into the basic airplane 
structure. An attempt to provide a substitute 
material for the presently used metals is only one 
of many reasons for this interest. Increased 
simplicity, wide availability of raw materials, 
weight reduction, and lower production costs are 
some of the possibilities promised by the use of 
plastics. These possibilities can only be com- 
pletely exploited through a carefully planned 
research and development programme embracing 
not only an investigation and research in the field 
of plastics, but a comprehensive study of their 
possible applications, design advantages, and 
limitations, and the production process and 
problems involved in handling them. 

This discussion will be limited to application 
of plastics to the basic structure and other portions 
of the airplane which are now fabricated from sheet 
metal. 


Applications. The possible applications may 
be listed as follows : 
(A) Primary structures. (a) Spars, complete with 
chords and stiffeners ; (b) Skin, complete with 


stiffening elements ; (c) Ribs, frames, and for-. 


mers ; (d) Seats and flooring ; (e) Control surface 
covering ; (f) Propeller cuffs and spinners. 

(B) Secondary structures. (a) Leading-edge as- 
semblies ; (b) Miscellaneous brackets, braces, 
etc. ; (c) Wing tips; (d) Ducting and cowling ; 
(e) Fuel tanks. 

(C). Nonstructural. (a) Fairing; (b) Cabinets, 
etc. ; (c) Paneling and trim. 

(D) Access doors. (a) Junction boxes, conduit, 
etc. 

These items represent about 15°% of the design 
gross weight of an airplane or about 22% of the 
weight empty, that is, the manufacturing weight. 
They represent about 60% of the fabricating cost 
to an aircraft manufacturer, engines, propellers, 
instruments, and miscellaneous equipment being 
purchased outside. 

The only present use of plastics in airplane 
structures is in trim tabs and pulleys, whose 
failure could not result in disintegration of the 
whole structure ; neither of these items are sub- 
jected to extreme loading conditions. 

Besides the lack of satisfactory mechanical 
properties, several other factors have discouraged 


(From Mechanical Engineering, Vol. 63, No. 11, 1941, pp. 787-790). 


wider use of plastics. For one thing there has 
been no appreciable amount of co-operation or 
co-ordination of effort between aircraft and plastic 
manufacturers. Another factor has been the 
production quantities involved. The plastic in- 
dustry in general operates on a mass-production 
basis and production methods, designs, and pro- 
cedures are set up for mass production. On the 
other hand the aircraft industry operates on a 
quantity-production basis and 5000 units of any 
one design is still considered a very large quantity. 
This means that the mass-production processes 
of the plastic industry are in general impractical 
for quantity production as in aircraft. 

To date no true plastic airplanes have been 
produced. It is understood that seats and fair- 
ings are being made from plastic materials abroad. 
Some Russian aircraft used in the Spanish Civil 
War had laminated phenolic wing covering which 
was not stressed, however. 

Although it should not be expected that 
plastics can or ever will completely eliminate 
metals in the basic structure of the airplane, 
plastics have their field in airplane manufacturing 
and offer certain definite advantages over sheet 
metal in many applications. But they cannot be 
considered as a cure-all for manufacturing or 
design difficulties, as industries are now reaching 
a point where special materials are required to meet 
specific needs and the list of different materials 
employed in any one industry is expanding rather 
than contracting. This is especially true in air- 
craft where high standards of strength and dura- 
bility must be met while at the same time the 
completed product must have the least possible 
weight. 


Material. The name “ Plastics” generally 
implies a synthetic material resulting from chemi- 
cal reactions which form complex hydrocarbons. 
The plastic may be adulterated or “ filled” with 
some ground or fibrous material, or it may be 
“pure,” that. is, unfilled. In any case it will 
respond chemically to the application of heat and 
pressure and alter its form and composition so as 
to take the shape desired in forms or dies. 

In contrast to the implication of the term 
plastics we have the wood-base materials. Wood 
employed in any form where it maintains its 
original identity as wood still has local defects and 
a tendency to split and crack. This applies even 
when the wood is fully impregnated and com- 
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pressed. However, if the wood loses its identity 
by pulping or being floured and is then incor- 

rated in a plastic, the resulting material can 
logically be called a plastic. 

Materials of the low-density class may be 
differentiated from one another and subdivided as 
follows : 

(A) Plastics. (1) Thermosetting types, infusible 
after initial setting ; (a) Filled ; (b) Unfilled. 

(2) Thermoplastic types, resoftened by heat. 
(a) Filled ; (b) Unfilled. 

(B) Wood. (1) Planks and strips; (2) Ply- 
wood and laminated veneers bonded by plastics, 
animal, or vegetable glue ; (3) Impregnated and 
compressed types. 

A study of the fundamentals of structural 
analysis shows very definitely that the lower the 
density of the material the more satisfactorily it 
lends itself to the stressed-skin type of design. 
The lower the material density the thicker the 
skin may be, thereby reducing both the unit 
loadings and the tendency of the loaded skin to 
tail because of instability. On this basis alone, 
and not considering any possible production ad- 
vantages or the matter of material availability, 
plastics offer considerable possibilities for simpli- 
fication and cost reduction. 

Wood, except in the impregnated and lami- 
nated form, has a lower density than any of the 
plastics, and therefore, has an advantage in this 
respect. However, this advantage is nullified by 
its moisture-absorption characteristics, low bearing 
strength, “‘ grain” tendencies even in the la- 
minated condition, and the necessity of choosing 
straight-grained, defect-free material of certain 
species which represent only a small percentage 
of the total available wood supply. 

Plastics, and more specifically the filled ma- 
terials, do not have these disadvantages, and 
furthermore a relatively wide variety of filling 
materials may be employed. Practical considera- 
tions demand that the properties of structural 
plastic conform to the following general require- 
ments. 

Mechanical properties satisfactory from a 
structural standpoint. 

General chemical inertness. 

No loss in properties throughout the range 
of atmospheric temperatures normally encoun- 
tered and preferably resistant up to 300° F. 

Low moisture absorption. 

Ease of handling and molding in very large 
units with good resulting uniformity. 

In the unfilled conditions, neither the ther- 
mosplastic nor the thermosetting materials have 
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anywhere near satisfactory mechanical properties. 
Fig. 1 shows typical stress-strain curves for several 
unfilled plastics and also the stress-strain curve 
for a filled plastic suitable for structural use. The 
increase in strength and modulus is apparent. 

The actual choice of the filler material depends 
not only upon the mechanical properties desired, 
but upon the availability of the filler, economic 
considerations, and the ease with which it can be 
molded when incorporated in the resin. The 
fibers should have the highest possible strength- 
weight ratio, in order to overcome the weight loss 
caused by the presence of the resin which con- 
tributes little strength to the finished molding. 
Fortunately most usable fibers satisfy this require- 
ment. 

From a standpoint of chemical inertness the 
thermosetting plastics are more satisfactory than 
the thermoplastics. Furthermore, the thermo- 
setting materials will not resoften under heat after 
the initial curing—they have generally better 
resistance to heat and moisture. 

While the present commercial plastics are well 
suited to the requirements of the plastics industry 
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Fig. 1. Stress-strain Curves for Plastics. 
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which is manufacturing relatively small parts on a 
mass-production basis, the materials have a 
number of disadvantages from the aircraft-pro- 
duction standpoint. These disadvantages are: 

(1) The high molding pressures (1000 to 3000 
Ib./sq. in.) require a great press capacity for the 
molding. of really large parts. 

(2) The cost of machining and finishing dies 
to withstand the high molding pressures is too 
great for the quantities of parts involved. 

(3) Experimental work requires almost the 
same tooling expenditure as production work. 

(4) Since the nature of the moldings pro- 
hibits the use of multiple opening presses, the 
curing cycle is too long for truly high-spee 
production. ; 

(5) The method of applying heat to the dies 
by means of integral steam coils is expensive and 
inflexible. 

The following minimum mechanical pro- 
perties are obtainable in a plastic material having 
a specific gravity of 1.3 or a weight of slightly less 
than 47°, that of aluminium : 

Ultimate tensile strength, 20,000 Ib./sq. in. 
_ Ultimate compressive strength, 19,000 Ib./sq. 
in. 

Flexure strength, 21,000 1b./sq. in. 

Elastic modulus, 1,800,000 Ib./sq. in. 

Shear strength, 12,000 Ib./sq. in. 

Bearing strength, 20,000 Ib./sq. in. 

Fatigue limit, of static strength, 35%. 

These values are for a homogeneous material, 
that is, one which does not have grain tendencies 
and shows approximately uniform strength in all 
directions. Without doubt further development 
will result in increasing the tensile strength and 
compressive strength to 25,000 Ib./sq. in., with 
proportionate increases in the other properties. 

The material is not affected by oil or gasoline 
and is non-inflammable. 

Manufacturing Requirements and Pro- 
cedure. Certain manufacturing requirements 
must be met if truly efficient production of plastic 
airplane subassemblies is to be attained. These 
requirements are dictated by two considerations 

(1) Equipment and facilities presently em- 
ployed and the personnel available for operating 
the equipment. 

(2) Properties and characteristics of material 
being worked. 

Every reasonable effort should be made to 
avoid excessive alteration or scrapping of existing 
equipment in contemplating the change from sheet- 
metal to plastic construction. A study of the 


problem indicates that a large proportion of the 
present equipment may still be used. 

Molding pressures required should be re- 
latively low, that is, 250 lb./sq. in. or less. This 
will result in lower press. capacities and permit 
the use of cheaper dies and simpler more eco- 
nomical diemaking methods. Molding opera- 
tions and handling of the molding should be so 
conceived as/to permit the use of the standard 
metal-forming presses now employed. Molding 
temperatures should be kept as high as practical 
in order to reduce the curing cycle. The plastics 
used should be fast-curing. The method of 
heating the plastic should be as simple as possible. 

The separate molded subassemblies which 
comprise the complete airplane should be rigid 
enough in themselves and manufactured with 
sufficient accuracy and completeness so that they 
may be fitted to one another and bolted, bonded, 
or riveted together with little or no jigging re- 
quired. The dies on which the parts are molded 
should replace the jigs and dies normally used. 

The following handling methods and routing 
of parts through the factory are suggested. 

The raw material consists of the filler material 
which is impregnated with a thermosetting plastic. 
The most suitable plastic found to date is phenol 
formaldehyde. The raw stock may be supplied 
in one of two forms (a) as rolls of impregnated 
material furnished in two standard thicknesses, 
or (b) in a sheet form of any thickness desired. 

The roll stock might be graded in two thick- 
nesses, one to give a finished molding 0.020 in. 
thick for one layer of raw stock and another to give 
a finished molding 0.010 in. thick per layer. To 
obtain the required gauge in a finished molding 
the desired number of laminations would be built 
up and gauges would thus vary in increments of 
0.010 in.; this would correspond to increments 
of 0.0045 in. in aluminium alloy on a weight basis. 
In the thicker moldings the sheet stock might be 
used starting at 0.090 in. 

Suitable storage facilities, providing humidity 
and temperature control, must be supplied for 
incoming stock since resins cure slowly over a 
relatively long period of time. The molding 
operation is merely a means to accelerate this 
curing. 

Raw stock may be first sheared to rough size 
or it may be sent out to routers or shapers. It is 
necessary to provide blanks for charging the dies. 
The thinner roll stock may be cut on single 
blanking dies consisting of sharpened strip steel 
inserted edgewise in wood panels. Bolt holes and 
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locating pinholes may be drilled during routing 
or separately located after blanking or shaping. 
After the molding operation the parts are trimmed 
as necessary and stored or sent directly to final 
assembly. The moldings are designed so as 
largely to eliminate the necessity for jigging the 
subassemblies for final attachment to one another. 
It appears that most of the present sheet-metal 
equipment is applicable ; a rough guess is that 
60% is usable figured on a cost basis. 
In addition to the labour savings, certain funda- 
mental cost reductions may be achieved. Among 
these are: (a) Saving in drill and small tool 
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breakage, by elimination of riveting ; (b) saving 
in floor space brought about by elimination of 
considerable benchwork, jigs, paint booths, anodic 
treatment, and the like; (c) ultimate reduction 
in tool-design time through reduction in number 
of parts and substitution of dies for the more 
complicated assembly jigs now required. The 
increased investment in presses may be largely 
offset by the decreased investment in the large 
quantities of small tools such as drills, riveters, 
fastening devices, and the like, which are necessary 
to the normal sheet-metal construction. 


DETECTING INTER-CRYSTALLINE CORROSION IN ALUMINIUM 
ALLOYS 


By S. E. PavLov. (From Zdvodskaja Laboratoria, Moscow, No. 4, 1941, pp. 393-396). 


CORROSION jeopardises the strength of aluminium 
alloy parts most seriously if it is of an inter- 
crystalline nature, i.e., if it spreads along the 
grain boundaries, destroying the metallic ad- 
hesion. This type of corrosion is particularly 
dangerous because there is nothing about the 
appearance of the affected surface to indicate 
that the damage is actually inter-crystalline, and, 
in fact, very deep corrosion of this nature maybe 
accompanied by little sign of breakdown on the 
surface. From this it will be clear how impor- 
tant it is to find a convenient method of dis- 
closing the presence of inter-crystalline corrosion. 

The ordinary procedure is microscopic ex- 
amination of a polished cross-section of the 
suspected member. This is not by any means a 
simple process and neither is it particularly 
reliable, the area that can be inspected being 
very limited. Worst of all, this method involves 
the destruction of the article under examination. 

A simpler and more reliable method of de- 
tecting inter-crystalline corrosion, and one, more- 
over, which does not involve destruction of the 
Suspected part, has been introduced by the 
Corrosion Laboratory of the All-Russian In- 
stitute of Aeronautical Materials. 

To discover such decay in an aluminium alloy 
part it is not at all necessary to examine a cross- 
sectional specimen. In fact, it is possible to 
miss the affected area altogether when cutting such 
a specimen. There is a greater likelihood of 
detecting the presence of inter-crystalline corro- 
sion by examination of a polished area on the 
surface of the article, and a much greater area can 
be examined in this way. 

_ The argument likely to be encountered, that 
in polishing the surface the corroded layer of 


metal may be removed, is not valid. Actually 
the thickness of metal removed is no greater than 
that at the edge of a cross-sectional specimen, 
which gets damaged or covered up in the course 
of the grinding or polishing. 

That the surface examination method is the 
more reliable has been proved by the fact that by 
its use inter-crystalline corrosion was detected 
in places where cross-sectional examination either 
failed to disclose it altogether, or did so after a 
great deal of trouble and the cutting out of nu- 
merous specimens. 

The necessary surface polishing takes 10 to 
20 minutes, and should be done by hand, be- 
ginning with emery cloth and finishing with 
polishing paste smeared on a piece of felt. The 
paste should not be too soft. 

Fig. 1 shows micro-photographs of a duralu- 
minium surface affected by inter-crystalline 
corrosion. It will be seen that after using 
No. 25 emery cloth (Fig. la) the presence and 
nature of the damage is not at all clear, but after 
final polishing with the paste (Fig. 1b) inter- 
crystalline corrosion is revealed beyond the 
slightest doubt. 

The paste, as will be seen from Fig. 1b, does 
not entirely remove all emery marks, but the faint 
lines that remain are of no consequence. 

The above method is applicable 

(a) for laboratory work, 

(b) for examining in situation such structural 
members or parts of machinery, as are accessible 
for inspection with a small vertical microscope, 

(c) for detecting overheating or burning 
during heat treatment in semi-finished aluminium 
alloy products, such as tubes, etc. 
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surface of 





Detecting Corrosion without a Microscope. 
The procedure is as follows: The corroded 
surface, or an area immediately adjoining it, is 
polished with emery and paste as previously 
described and thoroughly washed with benzine 
or alcohol. The area is then flooded with a 
solution of 3 grammes of NaCl +2 ccs HCl 
in 100 ccs of water, a “ well” being fashioned in 
plasticine to retain the liquid in position. 

The solution is allowed to attack the metal 
for 12 to 24 hours, after which the well is removed, 
the surface dried with a cloth and repolished with 
paste. After 2 hours the surface is examined 
again. 

The conclusion as to the presence or other- 
wise of inter-crystalline corrosion is based on the 
appearance of the surface at the end of the 2-hour 
period. If there is no corrosion, there is no 
change in the appearance of surface, but other- 
wise there soon appears a slight white deposit, a 
“rash ” (usually after 10 to 20 mins.), and then 
the metal itself begins to blister, as shown in 
Fig. 2. 

The greater the inter-crystalline corrosion 
the more pronounced and numerous the blisters. 
If there is very little decay, there may be no 
blistering, but the white “rash” still appears. 

The phenomenon can be explained as follows. 


Fig. 1 


Micro-photographs of the 
duralumin sheet 
with inter-crystalline cor- 
rosion. Enlarged 200 dias. 
(a) After Nr. 25 emery paper. 


(b) After polishing with paste. 








Fig. 2. Blisters on polished surface, showing pressure 
of inter-crystalline corrosion. Full size. 

If the corrosion is of an inter-crystalline 
nature, the decayed crystal boundaries act as 
channels by which the attacking media penetrates 
into the metal. This media, obviously, cannot 
be removed by the superficial treatment which 
the affected region receives, so that the chemical 
action continues. The products of this action, 
having a greater volume than the original metal, 
must either find their way back to the surface, 
producing the “ rash,” or if deep enough, blister 
the metal. 

The fact that this test, strictly speaking, 
reveals only whether the metal is subject to inter- 
crystalline corrosion and not as to whether 
corrosion has actually taken place, does not 
detract from the value of the method, since 
aluminium alloys which have this tendency are 
almost invariably attacked in service. 


RECENT ADVANCES IN THE CONTROL OF MULTI-FUEL FIRED 
FURNACES 


By JOHN C. VAALER. (From Iron & Steel Engineer, Vol. 18, No. 9, 1941, pp. 118-119). 
Abstract of a Paper to be read at the A.I.S.E. Convention). 


THE use of more than one fuel on open hearth and 
soaking pit furnaces has stimulated the develop- 


ment of automatic control equipment for these 
applications. The earlier applications of control 
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equipment to furnaces fired in this manner were 
usually accomplished by equipping the fans with 
dual inlets. 

The use of multi-fuels not only aids in better 
fuel distribution throughout the steel plant, but 
also permits greater flexibility in operation to 
control flame character. 

Among the systems which have been em- 
ployed in the application of control equipment 
to multi-fuel fired furnaces is one which makes 
use of a summarising device. In this arrange- 
ment, let us assume that two fuels are being 
burned, both under manual control, the first 
being coke oven gas and the second fuel oil. 
For each fuel a regulator would be provided to 
develop a pilot air flow proportional to each fuel 
flow. Each pilot flow would be directed into a 
summarising device so that both flows would be 
summarised by a common orifice. With this 
arrangement, the common orifice measures the 
sum of the two pilot flows so that the differential 
developed by the orifice plate becomes the index 
of total fuel flow. It can be readily seen that this 
differential may then be used to actuate the 
combustion regulator to supply combustion air 
in proportion to the total amount of fuel being 
burned. Many variations of the summarising 
principle have been employed in open hearth 
and soaking pit practice to secure the desired 
operation peculiar to any plant condition. 

The equipment employed in any automatic 
control system applied to any furnace burning 
more than one fuel requires some means of 
totalising these fuels before the correct indication 
of combustion air requirements is secured. 
The pilot flow system previously mentioned has 
been in successful use for many years on these 
applications. A refinement of this arrangement 
is described in the following. 

The heart of this refinement consists 
essentially of a summarising gear. This device 
has the ability to add or subtract mechanically 
two mechanical movements so that the result is 
always the correct sum of the two. Its principle 
is similar to that which is employed in the differen- 
tial gear of an automobile, in which the drive 
shaft will remain at a constant speed, while one 
rear wheel is turning faster than the other in 
making a turn. 

A typical example of how the summarising 
gear is applied to a furnace burning two fuels is 
described below. 

An orifice plate located in the line of fuel 
number one develops a differential pressure 
proportional to the fuel flow, and this differential 
is imposed on the primary system of a ratio 
regulator, The ratio regulator is arranged to 


control an operating cylinder in such a manner 
that its movement is proportional to the flow of 
fuel number one. This mechanical movement 
is directly connected to one-half of the summaris- 
ing gear. A similar arrangement is used for fuel 
number two so that the regulator will develop 
a proportional mechanical movement in relation 
to the fuel flow. This mechanical movement in 
a similar way is connected to the second half of 
the summarising gear. 

When fuel number one is being used up to 
100%, of its capacity and fuel number two also at 
100% of its capacity, the resultant mechanical 
movement transmitted to the summarising gear 
will result in a 90 degree movement of the sum- 
marising or totalising shaft of this unit. Any 
smaller quantity of either fuel will be deducted 
from the total movement of the 90 degrees. 
Thus it can be seen that the resulting movement 
on the summarising gear may be directed to a 
combustion regulator to supply total combustion 
air in relation to the two fuels being burned. 
This is accomplished by transmitting the me- 
chanical motion from the summarising gear to a 
ratio regulator, which in turn controls an 
operating cylinder operating the butterfly valve 
in the combustion air line. 

The regulators employed in this arrangement 
are equipped with the usual accessories which 
provide for fuel air ratio setting. 

Among the many possible arrangements 
available using the summarising gear and ratio 
regulators are : 

(1) Total air flow control with manual ad- 
justment of two fuels. 

(2) Total air flow control with automatic 
flow control of base fuel number one, and manual 
control of fuel number two. 

(3) Total air flow control with individual 
automatic flow control of both fuels. 

(4) Total heat input control providing for a 
varying supply of primary fuel and makeup 


‘ automatically of secondary fuel. 


(5) Total heat input control with constant 
ratio of fuels one and two, or provision for a 
variable setting of the ratio of the two fuels. 

(6) Total heat input control with a varying 
supply of primary fuel and makeup of secondary 
fuel with temperature control superimposed. 

(7) Total heat input control with varying 
supply of one fuel and automatic make-up of 
second fuel, with provision to cut down supply of 
primary fuel if too much is available. 

The use of the summarising gear provides for 
simplification of control layouts wherever more 
than one fuel is being used. 
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stripped water 


In the preparation of tobacco for good quality cigarettes, the centre stem is 
stripped from the leaf in the manner shown above, but if this process is not 
carried out, tobacco including the centre stalk is uneven and contains dust 
which irritates the throat of the smoker. Similarly with the water required 
for feeding into water tube boilers it is necessary to strip from it the soluble 
salts and other impurities in order to secure a non-scaling, non-corrosive 
feed water. The Permutit “Deminrolit” Process produces a perfect 
stripped water from any supply without the use of heat or steam. 


For full particulars write for publication “ Distilled Water without Distillation” to The 


Permutit Company Limited, Dept. T. B ., Permutit House, Gunnersbury Avenue, London, W.4. 


Telephone : Chiswick 6431. 
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NEW EQUIPMENT 


MONO PUMPS. 


THE Mono Pumps Ltd. have published a brochure and 
two leaflets describing the principle of operation and 
main features of the ‘‘ Mono Pump.” 

The suction and delivery branches (1) are inter- 
changeable by reversing the rotation of the rotor (3) 
made of hard, corrosion resisting metal. The stator 
(2) is of natural or synthetic rubber. Universal drive 
to the rotor is possible (4). The illustration shows a 
single stage pump‘ which is equivalent to the single un- 
dulation of the rotor. For pumping against high 
pressures, the effect can be multiplied by increasing 
the length and number of turns or pitches of the rotor 
and stator. This produces the effect of a series of 
“undulations,” so that the final pressure is developed 
in stages and the same high volumetric and overall 
efficiencies are maintained at all working pressures. 





The advantages of this design are claimed to be: 
Uniform discharge, free from pulsation ; remarkable 
resistance to wear by abrasive liquids owing to the 
unique rolling motion between rotor and stator ; great 
simplicity makes skilled attention unnecessary; self 
priming feature permits installation in any convenient 
position ; and finally, high efficiency over a wide range 
of speeds and pressures. 

The Mono Pump is of great versatility ; it is applied 
to general service, marine auxiliaries, mining, contract- 
ing (mud clay and sandy water), chemical industry, oil 
refining, paper manufacturing and food industries. 
Standard models now in production range in capacity 
up to 150 gallons per minute and develop heads up to 
400 ft. Smaller units are being produced for pressures 
up to 300 Ibs./sq. in. Catalogues giving a detailed 
description of the Mono-Pump and of its many appli- 
cations can be secured by writing for them to Mono- 
Pumps Ltd., Arnfield Works, Audenshaw, Manchester, 


BUSINESS NOTES 


SCIENTIFIC WELDING SERVICE. 


THIRTY-FIVE years ago Barimar pioneered Scientific 
Welding Service. For just a quarter of a century the 
London headquarters was in Holborn, but early in 
1941 raid damage dictated a move, although for some 
time before this the growth of the firm’s guaranteed 
welding repair work, on account of overseas as well as 
home demands, had made the need for more space 
imperative. 

The new address is Barimar House, Peterborough 
Road, Fulham, London, S.W.6., where a great deal of 
new equipment has been installed, much of it being for 
the extension of several special processes which have 
been developed by Barimar research engineers. There 
is also a much larger A.I.D. 

One special line of development, already in com- 
mercial operation on a considerable scale, is the welding 
together of dissimilar metals. Many difficult and highly 
diversified combinations being undertaken with the same 
certainty of success expected with ferrous materials. 
The applications are particularly wide, varying from 
electrical equipment to shipping. 

One department deals with repairs to new material. 
Faults in castings are corrected whilst parts that have 
been machined in error are not scrapped but built up 
with new metal and either returned for finishing or 
dealt with in the Barimar machine shops. 


Weights up to 10/12 tons can be handled com- 
fortably both for welding and machining, but in excess 
of this figure, or because of bulk, operators, together 
with portable equipment, are always in readiness to 
leave at short notice when emergencies arise. In this 
way permanent repairs are made quickly, and time and 
again these facilities have enabled factory output to be 
maintained even when a major component of some key 
machine has failed. 





CATALOGUES RECEIVED 


The Victor Aridifier. 


CHARLES CROFTON & Co. (Engineers) Ltd., Church 
Bank Offices, Wallsend-on-Tyne, has issued a leaflet 
describing a device, the Victor Aridifier, which removes 
all water and impurities from compressed air pipes, 
thereby preventing freezing, corrosion and dilution. 
Free copy of the leaflet which may be of interest to 
users of compressed air can be obtained on application. 
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Steam and Hydraulic Packings. 


TuE Castleton Steam Packing Co., Ltd., Broadheath, 
Altrincham, Cheshire, the largest manufacturers of 
packings in this country, has published an illustrated 
brochure containing details of the whole range of non- 
metallic, semi-metallic, and metallic packings developed 
by this firm. Recommendation as to the application 
of the different types and brands of packings are in- 
cluded in the brochure, a copy of which is obtainable 
upon request. 


J. and W. Kirkham Ltd. give a general description of 
their T and K Mechanical Lubricators in a leaflet. 
The advantages claimed can be summarized as follows : 
Pump units can be supplied with plungers of three 
sizes, the larger diameter of which is only varied to give 
the desired displacement ; great economy that can be 
obtained with the lubricators ; regular and reliable oil 
feed ; feed against very high pressures, a number having 
been supplied for working pressures of 6,000 lbs./sq. in. 
Many types of the T and K lubricators are on the 
market to provide for all special requirements. Free 
copy of a brochure on Mechanical Lubricators can be 
obtained from J. and W. Kirkham Ltd., Larr Street 
Brassworks, Bolton, Lancs. 


Cooke & Ferguson Ltd.—The recently issued 32-page 
catalogue of this firm is written in the language of 
pictures, resp. photos, and explained with the help of 
only very few words. In the first few pages a general 
view and some details of the plant equipped with the 
most modern machine tools and other equipments are 


DIGEST 


shown. In the following pages some typical products 
of the Company whose main activities consist of Weld- 
ing, General Precision Machinery, Jig and Tool Manu- 
facture, and Machine Tool Construction, are illustrated, 
Some excellent photos of Tanks and Auxiliary Electrical 
Equipment, Gear Wheels, Bedplates, Gear Cases, 
Pressure Vessels, Stator Frames, Jigs, Tools and 
Assembly fixtures are included. .Special attention 
deserves the PM5 Plain Milling Machine believed to be 
the first Production Milling Machine in England con- 
structed by fabrication in mild steel instead of the con- 
ventional cast iron. A copy of the interesting booklet 
may be obtained from Cooke & Ferguson Ltd., Victoria 
St., Openshaw, Manchester 11. 


Power Tools is the title of a leaflet published by 
Messrs. John Steel, Clyde Mills, Bingley, Yorks., and 
illustrating the varied manufacturing programme of this 
firm. The leaflet includes photos and details of A.C. 
and D.C. Motors, Toolroom Lathes, Brandsaws and 
Circular Saw Benches, Electric Grinders, a 5 in. Super 
Wood Lathe and a Precision 4 in. Planer ; furthermore 
the descriptions of two 13-Speed Motorised Sensitive 
Drills. Free copy of the leaflet upon request. 


EDITORIAL INDEX 


The Editorial Index to Vol. II, Jan.-Dec., 1941, will be 
sent to all subscribers without charge together with our 
Jan., 1942, issue. Binding cases for the Binding of 
Vol. II are now available. The price is 4/6 including 
postage. 








TELEPHONE No.: 1069. 





J. J. HABERSHON & SONS, LTD., 
HOLMES MILLS, ROTHERHAM 


TELEGRAMS: HABERSHON, SONS, ROTHERHAM. 























For Optimum Hardness and | 
BRITISH ADE Strength 
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Nitrided 
NITRALLOY 








Particuiars from: 


COMPETITIVE ARANTEED | NITRALLOY LIMITED 


PRICES | 508 | 25, TAPTONVILLE ROAD, SHEFFIELD 10 | 





Uhite for new folder SO | Telephone: Telegrams : 
illustrating $0models, 60689 Sheffield Nitralloy Sheffield 




















SPECIAL ALLOY. 








HIGH CARBON 
STEELS 


BARS—WIRE RODS 
PLATES — SHEETS 


— THE HALLAMSHIRE STEEL — 
—_ and FILE Co., LTD., SHEFFIELD 3. = 


es | Established 1873 Tel: shemee 24304 te. 




















“‘HYDRAUTO’ THE COOL BEARING 


In the ‘HYDRAUTO’ principle the space above the piston is 
always completely full of oil. The piston moves downwards 
until the oil film in the bearing is the absolute minimum— 
this minimum oil film gives a stability to the rotation of the 
grinding wheel and spindle which cannot be obtained by any 


other means. 


THE CHURCHILL MACHINE TOOL CO. LTD. 
BROADHEATH Nr. MANCHESTER 
Home Selling Agents: 

Messrs. Charles Churchill & Co. Ltd. (Birmingham and Branches) 
Export Sales Organisation : 

Messrs. Associated British Machine Tool Makers Ltd. (London & Branches) 











Tele 





Exclusive to CHURCHILL 
precision grinders. 


Oil-backed 
Always | self-adjusting. 
“Oil Ratchet’’ control. 


Stabilitywithout 
harshness. 


Cool running. 


The perfect bearing 
for precision grinding. 





will 








FOR IMMEDIATE DELIVERY 


@ 20 in. Centre heavy duty Self-acting S. S. and S. C. Lathe, makers : 
Hulse & Co. Limited. 34 ft. gap bed 31 in. wide, arranged for helical 
gear motor drive from 20 h.p. motor, but excluding electrical equip- 
ment, to take 27 ft. between centres, fitted two saddles, fixed and 
travelling steadies, set over tailstock, full set of change wheels, 5 ft. 
faceplate fitted four steel dogs. Speed range 1.3 to 72.6 r.p.m. 
Approximate weight 16-20 tons. 


@ ‘Gruson” heavy duty Plano Milling Machine, screw feed, table 
84 x 24 in., self-acting feeds through gear box, double geared, cone 
/ drive 44 in. belt. 

@ ‘Schutte ” Cam-operated Production Multi-tool Lathe, makers : 
Alfred H. Schutte, Koln-Deutz. Single pulley drive 4 in. belt, friction 
clutch, cam-operated. Fitted with back and front swivelling tool 
boxes, cam-operated. Totally enclosed head, triple gear drive to 

spindle, equipped with air chuck assembly, but excluding chuck. 





INSPECTION INVITED. 


MORGAN FAIREST LIMITED 


FAIRWAY WORKS :: SORBY STREET 


Telephone: SHEFFIELD 23068-69 Ss H E F F I E L D 9 4 ee FAIRWAY, SHEFFIELD. 
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WHIMS be So DCO 
—————«—=_ 
The events of 1941 


have demonstrated the futility of attempting to peer into 
the future. It is, however, quite certain that the same 
spirit of determination which carried us through the past 
year will overcome the difficulties—and there will be 
many—of 1942. We, at British Ropes, are resolved that 
Industry shall be served with our products. The Mines, 
Steelworks, Ships, Quarries, Docks, Warehouses, (to 
mention a few)—all must have Wire Ropes and Hemp 
Cordage. All types of Industry need Wire in some shape 
or form. To this end we shall continue to keep our 
widespread organisation up to war-pitch in the fervent 
hope that ere long it will be our pleasure to join hands 
with all industrialists in a united effort to restore the 
Empire to a peaceful prosperity. 


BRITISH ROPES Limited 


HEAD OFFICE 


DONCASTER 


WORKS THROUGHOUP 
GREAT BRITAIN 



































MACROME TREATMENT 
PUTS THE Read these Extracts from recent letters : 


From a big Shipbuilding yard: 
66 C ) ; 33 I N The Cutters and Drills which have been 
treated by you are giving at least TWICE the service 


they gave before treatment 


C U/ T TING An important Birmingham Firm writes : 


material Nickel Chrome Molybdenum. 
/ OO LS On the above mentioned components which were being 
© e e hobbed with a Macrome Treated Hob, we obtained 
100% LONGER LIFE against an untreated hob. . .” 
Speed up production and save tools—have ; 
them MACROME treated. Overseas tool | Report from a Scottish Factory : 


buyers should specify MACROME treatment The Tools treated by you are giving us 
before shipment. THREE to FOUR times the life of untreated tools . 


Apply : 
MACROME LTD., No. 16 Dept., Alcester, Warwickshire. accester 17s 
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SPECIALISTS 
IN 


WELDED WOR 
and 


STRUCTURAL 
STEEL 





On Lists of : 

WAR OFFICE 
ADMIRALTY 
H.M.O.W. 

AIR MINISTRY 


Send your next Welding Enquiry to: 


ROBERT WATSON & Co. (“saia") Ltd] 
5125-6-7 HIGH STREET, BOLTON = 











AS 
ALWAYS 


THE DRUM PUMP 
FILLS THE BILL... 


For all pumping purposes, “7DRUM” 
Pumps can be relied on for efficient 
service. Liquids of all consistencies 
can be pumped ; pumps are suited to 
all forms of drive over a wide range 
of speeds, and the sound, rugged con- 
struction makes them absolutely de- 
pendable. Further advantages are :— 

Positive action 

Continuous flow 

Can be steam jacketed 

Valveless and no air vessels 

Reversible in action 


All sizes from } inch upwards a 











IRUM ce 

td. al ATS 
“370° 

work” ALL ENQUIRIES TO: 

“ THE DRUM ENGINEERING CO., LIMITED, 
, HUMBOLDT STREET, BRADFORD. 


LONDON OFFICE: 386, VICTORIA STREET, WESTMINSTER, S.W,1 
TELEPHONE: VICTORIA 3961 





IS THE LIQUID FLOWING 
IN THE PIPELINE ? 


You can tell at a glance 
by using 


rko 


FLOW INDICATORS 


The liquid spins a chromium-plated ring under 
a glass dome. If the flow stops, the ring stops. 


Full particulars from the manufacturers :— 


ER co Lt 
WALKER .CRQS WELLER & 





WELDED TANKS 


and 


VESSELS 
in all Weldable Metals 


Robert Jenkins & Co. Ltd. 


IVANHOE WORKS, 
ROTHERHAM. 


Phone: 
1850 (4 lines) 








TEST PLANT ENGINEERS 


to the 


AUTOMOBILE 
ENGINE INDUSTRY 


Hydraulic and Electric Dynamometers 
Cooling Systems for Water and Oil 
Water, Fuel and Oil Metering Systems 
Engine Cradles and Cardan Shafts 
Testing Equipment for Special Purposes 
Complete Engine Test House Equipment 





HEENAN & FROUDE LIMITED 
ENGINEERS WORCESTER ENGLAND 








remember... 


‘MODERN MACHINE TOOLS 


By H. C. Town, A.M.I.Mech.E,, etc. This book, 
with its one hundred and sixty-nine excellent 
illustrations, is really helpful, not only for de- 
signers of machine tools, but for ail who are 
faced with the manipulation and maintenance of 
transmission in the engineering industry. The 
present state of machine tool development has 
been reached by the applied experience of men 
over many years, for the process of reducing 
invention to practice is long and expensive. For 
this reason belt-driven machines are included in 
the book, for this form of transmission is bound 
to survive in many forms, particularly on high 
speed machines where problems of vibration occur 
if gears are employed throughout the drive. The 
book is divided into three parts, Part I.— 
Mechanical Transmission, Part II.—Electrical 
Transmission, Part II1I.—Hydraulic Transmission. 
Price 30s net. 


WORKS ORGANIZATION AND 
MANAGEMENT 


By EpGar J. LARKIN. This comprehensive book 
tells the tale of just what is done in factories and 
how it is done. The advanced student, the fore- 
man and even the responsible manager will find 
it helpful in daily problems. It gives an account 
of the arrangement and shows the means by which 
management can effectively carry out its pre- 
scribed organization. It includes the most ac- 
ceptable forms, charts and graphs to be used in the 
factory, and the author’s experience of more than 
twenty years of industry has proved to him that 
these are not a matter of minor importance and 
may be regarded as the key to the whole situation 
if efficient operation is to be ensured. The book 
fulfils a long-felt want, and supplies, within the 
limits of a textbook, the instruction which is 
needed in conjunction with neutral administrative 
ability and efficient training. Hundreds of dia- 
grams, tables and photographs, and an appendix 
containing many valuable additional tables for 
reference purposes. Price 35s net. 


39, Parker Street, KINGSWAY, W.C. 2 


PITMAN’S books 








KEEP AN EYE on THE MARKET 


IF YOU ARE UNABLE TO EXPORT 
YOUR _ GOODS PRESENT, 
FERTILIZE THE GROUND NOW 


KEEP YOUR NAME IN FRONT OF 
are ane bi th ! DON’T 
BLACK-OUT YOURSELF, AS 
FIRMS OVERSEAS WILL FORGET 
ABOUT YOU FOR GOOD. AD- 
VERTISE IN OUR EXPORT ¥ OUR- 
NAL AND BE _ READY HEN 
CONDITIONS BECOME NORMAL. 
ASK FOR FREE eet COPY 
AND _ BOOKLET : LING 
EXPERIENCE OF ADVERTISERS 


YD TH 

SYMBOL OF EFFICIENT SERVICE 
AND CO-OPERATION eee 
HOME AND ae ee TRADERS. 
WHAT IT HAS DONE FOR 
Orerae gy CAN DO FOR ba 
MEMBER OF THE AUD 

BUREAU OF CIRCULATIONS. 
CIRCULATION : 5,000 FORT- 

NIGHTLY. 


MACHINERY LLOYD 
152a, NEW WALK, LEICESTER. 























LANES 
% Specialists in PATENT | 
WIRE CONVEYOR 
BELTS 








for 
MECHANICAL 
HANDLING 


| GEORGE LANE & SONS | 
LIMITED | 
STERLING WORKS 
BRUETON STREET 
BIRMINGHAM, 4 
Grams : “ Wiaconveya, Birmingham.” 
Phone: Ast 2836—7 
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BENDIX 
TRACTA JOINTS 


(CONSTANT VELOCITY ) 
FOR ALL ANGULAR POWER TRANSMISSIONS 


INVALUABLE FOR 
USE IN 


SPECIAL FEATURES Manual operating gear 


Absolute Constant Angular for bulkhead doors, fuel 
Velocity © High Angularity « valves, seacocks, boat- 
Heavy Load Capacity e Ease launching gear, fire- 
of Adaptation © Correction for extinguishing apparatus, 
Faulty Alignment e Friction etc. Engine room and 
Minkmised © Negligible Wear control telegraphs. 
Tachometers. Remote 
controls of all types. 
Gun-turrets. Searchlight 
controls. Torpedo-tube 
operation, etc., etc. 








Drives for all Auxiliary 
Services. 


/ a 
Send for 
Booklet No. 34 


TYSELEY, BIRMINGHAM 


- i a ——. - 



































2OLT ENG. Ltd. 


_- BENTINCK STREET, 
BOLTON 


SPECIALISTS IN 

DESIGN AND 

MANUFACTURE 
OF 


_ JIGS & FIXTURES 
PRESS TOOLS & GAUGES 


| FOR AIRCRAFT PRODUCTION 


Phone: BOLTON 4770-1 (2 lines) 





as achinery 
we & lools 


MILLING CUTTERS 


SLITTING SAWS 
HEIGHT GAUGES 
MICROMETERS 
TWIST DRILLS 
TOOL HOLDERS 
HACK SAWS 
REAMERS 

FILES 

TAPS, etc., .etc’ 


iC. H. MOUNTFORD 


8B, -NECHELLS -PARK ROAD BIRMINGHAM 


WATER | 
PURIFICATION 


FOR HALF A CENTURY 
JOHN THOMPSON 
(KENNICOTT WATER SOFTENERS) LTD. 
WOLVERHAMPTON 


HAVE SPECIALISED 
IN’ FILTRATION AND SOFTENING 
OF WATER FOR 


TOWN SUPPLIES 
RAILWAYS 
TEXTILE WORKS 
AND 
ALL INDUSTRIAL REQUIREMENTS 
BOILER WATER CONDITIONING, CONTINUOUS 
**BLOW-DOWN "" APPARATUS, ETC. 








Send us your. enquiries and take advantage of our 


UNRIVALLED EXPERIENCE 











The 
NEW ZEALAND 


‘Electrical Journal 


The only Electrical Journal 
published in the Dominion _ 
of New Zealand—the most 
progressively electrified 
Country in the Empire. 


Technical Publications Ltd. 
P.O. Box 1572, Wellington, C.1. New Zealand 
English Office : 

SAWELL & SONS 
4, LUDGATE CIRCUS, LONDON; E.C.4 
Telephone ; CENtral 4353 & 4354 
































Bo peribgn ep -up output. 


v1 wd fi ‘| There and fo: ., rangi 
'BESCO ME ee or 
ni | Driven Machines to the é . 


Cidaias pecs ig 
Wa A. Ci tee | on usep MACHINES 
TET Ag | imevinte ocuivery. 
LAR Theta | Sendforour | 
, & — : - | illustrated LIST. 


MACHINE TOOLS (New and Ba Ps 
A splendid variety always on offer. Ask for Lists. 


"Phone : Euston 4881 (6 lines). Telegrams: Bescorools, Norwest, London. 




























"359-361, EUSTON. ROAD, LONDON, N.W.I 


SPECIALISED RUBBER 
COMPOSITIONS. ON THE 





® For Hot Oil and Petrol, and connections between Aero ADMIRALTY, 
— and Glycol Tanks, Windstreens and Window WAR OFFICE & 
St Notuageing and flexible connections of all types. ‘ AIR’ MINISTRY 
@ Petroi and resisting Window Boge » Eatches 
sat ites te Noses of Seaplane Floats — LISTS 


Supplied ia Shewt Baie eden, ‘MeskNens, Strip, 4 
ee Seen ene Sy degee a : 


r 





IMPERVIA LTD. 


ISWENOR GDONS. LONDON SWI 
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